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We bring cad and cam together. 
When engineers use our Unigraphics systems, they 
create a three-dimensional geometric description of 
the product as they design it. This permanent data 
base is used to produce engineering drawings auto- 
matically and graphically generate numerical control 
machining tapes. 

One interactive graphics system takes the product 
from mind to machine. 


A choice of cost-effective systems 
In addition to the multiterminal Unigraphics which 
links many workstations to a centralized computer, 
we also offer the ADS-100, a self-contained system. 
The ADS-100 has all the design and manufacturing 
capabilities of our multiterminal system packaged 
into a single desktop workstation—at a very 
reasonable price. 

Our Unigraphics systems offer both large and small 
manufacturers a real competitive edge. Designing 


MCAUTO. 


with Unigraphics is, on the average, six times faster 
than manual methods. Since design and manufactur- 
ing engineers are always working with the same 
accurate information, errors and duplication of effort 
are greatly reduced. 


Cad/cam systems from a cad/cam pioneer. 
Our cad/cam expertise has grown out of the expe- 
rience of McDonnell Douglas, our parent company, 
a world leader in the application of computer 
technology to design and manufacturing. 
McDonnell Douglas has been actively developing, 
using, and improving cad/cam systems for over 15 
years. Our large, experienced cad/cam staff offers 
you the best in technical support. 
For more information write or call: 
W.R. Vickroy 
MCAUTO, Dept KI-500 
Box 516, St. Louis, MO 63166 
(314) 232-8021 


y, 


MCDONNELL DOUGLAS 





SCIENTIFIC 
Established 1845 AMERI CAN oe 1982 Volume 247 Number 3 


38 


48 


62 


86 


110 


124 


136 


152 


76 
166 
178 


BOARD OF EDITORS 


ART DEPARTMENT 


PRODUCTION DEPARTMENT 


COPY DEPARTMENT 
GENERAL MANAGER 
ADVERTISING DIRECTOR 
CIRCULATION MANAGER 


SECRETARY 


ARTICLES 


THE MECHANIZATION OF WORK, by Eli Ginzberg 


Introducing an issue on the continuing Industrial Revolution two centuries after its beginnings. 


THE MECHANIZATION OF AGRICULTURE, by Wayne D. Rasmussen 


Some 3 percent of the U.S. labor force feeds the country and produces a surplus for export. 


THE MECHANIZATION OF MINING, by Robert L. Marovelli and John M. Karhnak 


More than 80 percent of U.S. mineral needs are met by less than 1 percent of the labor force. 


THE MECHANIZATION OF DESIGN AND MANUFACTURING, by Thomas G,. Gunn 
The key is to mechanize not only the factory floor but also design, logistics and management. 


THE MECHANIZATION OF COMMERCE, by Martin L. Ernst 


Finance, distribution and transport are mechanized even more than the production of goods. 


THE MECHANIZATION OF OFFICE WORK, by Vincent E. Giuliano 
The office is the primary locus of information work, which is coming to dominate the economy. 


THE MECHANIZATION OF WOMEN’S WORK, by Joan Wallach Scott 


After two centuries it still tends to be characterized by low pay and occupational segregation. 


THE DISTRIBUTION OF WORK AND INCOME, by Wassily W. Leontief 


If an economy is to function, work not done by machines must be shared and so must income. 


DEPARTMENTS 


LETTERS 

50 AND 100 YEARS AGO 
THE AUTHORS 
METAMAGICAL THEMAS 
BOOKS 

SCIENCE AND THE CITIZEN 
THE AMATEUR SCIENTIST 
BIBLIOGRAPHY 


Gerard Piel (Publisher), Dennis Flanagan (Editor), Brian P. Hayes (Associate Editor), Philip Morrison (Book Editor), 
Francis Bello, John M. Benditt, Peter G. Brown, Michael Feirtag, Jonathan B. Piel, John Purcell, James T. 
Rogers, Armand Schwab, Jr., Joseph Wisnovsky 

Samuel L. Howard (Art Director), Steven R. Black (Assistant Art Director), [lil Arbel, Edward Bell 

Richard Sasso (Production Manager), Carol Hansen and Leo J. Petruzzi (Assistants to the Production Manager), 
Carol Eisler (Senior Production Associate), Karen O’Connor (Assistant Production Manager), Carol Albert, 
Lori Mogol, Martin O. K. Paul, Julio E. Xavier 


Sally Porter Jenks (Copy Chief), Debra Q. Bennett, Mary Knight, Dorothy R. Patterson 
George S. Conn 

C. John Kirby 

William H. Yokel 

Arlene Wright 


SCIENTIFIC AMERICAN (ISSN 0036-8733), PUBLISHED MONTHLY BY SCIENTIFIC AMERICAN, INC., 415 MADISON AVENUE, NEW YORK, N.Y 10017. COPYRIGHT © 1982 BY SCIENTIFIC AMER- 
ICAN, INC. ALL RIGHTS RESERVED. PRINTED IN THE U.S.A. NO PART OF THIS ISSUE MAY BE REPRODUCED BY ANY MECHANICAL, PHOTOGRAPHIC OR ELECTRONIC PROCESS, 
OR IN THE FORM OF A PHONOGRAPHIC RECORDING, NOR MAY IT BE STORED IN A RETRIEVAL SYSTEM, TRANSMITTED OR OTHERWISE COPIED FOR PUBLIC OR PRIVATE USE WITH- 
OUT WRITTEN PERMISSION OF THE PUBLISHER. SECOND-CLASS POSTAGE PAID AT NEW YORK, N.Y., AND AT ADDITIONAL MAILING OFFICES. AUTHORIZED AS SECOND- 
CLASS MAIL BY THE POST OFFICE DEPARTMENT, OTTAWA, CANADA, AND FOR PAYMENT OF POSTAGE IN CASH. SUBSCRIPTION RATE: $21 PER YEAR IN THE U.S. AND ITS 
POSSESSIONS; $27 PER YEAR IN ALL OTHER COUNTRIES. POSTMASTER: SEND ADDRESS CHANGES TO SCIENTIFIC AMERICAN, 415 MADISON AVENUE, NEW YORK, N.Y 10017 


Our little friend doubles 


66 The predator tick kills with- 
out mercy. Every day it eats 
twenty vegetable ticks, little 
green insects that are the worst} 
menace in greenhouse cucumber fi 
production. Without any protec- 
tion, vegetable ticks would de- 
stroy 30-100% of the cucumber & 
harvest. So our little predatory friend, 
just 0.1 mm. long, saves several tons of 
cucumber in every greenhouse. 

Alternatively, we can use chemi- 
cal substances. This, however, would 
cause a problem. The crop has to be 
stored for a failsafe period. 

Biological plant protection offers 
fascinating possibilities. Basically, all 
insect pests have their own natural ene- 
mies. Discovering, breeding, and 
spreading this police-force is our re- 

search task. 99 




























AINO-MAIJA EVERS, RESEARCHER, 
KEMIRA FERTILIZER DIVISION 


NATURE’S OWN SOLUTION 
Biological pest control can never 
take the place of chemical pesticides, 
but it is an interesting alternative. It 
offers a simple, safe way of destroying 
pests. Problems are solved using Na- 
ture’s own methods: If you chop a 
fir-tree down, the stump is attacked 
by a fungus that eventually may rot 
the whole forest. . . unless the stump 
is treated with another fungus. 

In the same way, when pine saw- 
flies, which can destroy large 
amounts of wood, start eating the 


2 cucumber production. 


needles, they are killed with a dust 
ground from dead insects. 

Kemira has now been working 
for ten years on methods of biologi- 
cal plant protection. Next we're try- 
ing to co-operate with ladybirds. 


THIS IS KEMIRA 

Kemira is a Finnish multi-product 
chemical company and one of the 
world’s leading manufacturers of fer- 
tilizers. We want to do more than 
just sell our products: we want to 
solve our client’s whole problem. 

Kemira has specialist knowhow 
in the important branches of the 
chemical industry. We develop prod- 
ucts that improve the output of 
food and other basic human needs. 

But we are not too large to 
ignore problems of a smaller size. 
Kemira uses the chemical industry 
to solve our clients’ problems. What 
is your problem? 


Kemira Oy, Fertilizer Division: fertilizers, 
pesticides. Industrial Chemicals Division: 
industrial and specialty chemicals. Safety 
equipment. Sdteri: viscose fibres. Mineral 
Chemistry: titanium dioxide. Vihtavuoni: 
explosives. Technical Exports: complete pro- 
jects. Turnover 1981: USS 750 million. 
Personnel: 6,800. For further information, 
please write to our Director-General: Mr. 
Yrjo Pessi, Kemira Oy, Malminkatu 30, 
00100 HELSINKI 10, Finland. 
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THE COVER 


The painting on the cover symbolizes the theme of this issue of SCIENTIFIC 


AMERICAN: the introduction of new technologies in the workplace and the so- 
cial and economic consequences of technological change. The keyboard shown 
is that of the CGC 7900 Color Graphics Computer, made by Chromatics, Inc., 
of Tucker, Ga. The lower part of the keyboard is much like that of an ordinary 
typewriter, but an additional bank of keys controls functions that are useful in 
creating graphic images with the aid of the computer. For example, the opera- 
tor can press the key labeled “Create” and enter a series of commands for the 
construction of a geometric figure; pressing the ‘““Redraw” key causes the speci- 
fied figure to appear on the screen of a cathode-ray tube. The unlabeled, col- 
ored keys assign colors to areas of a drawing; the functions of the keys in the 
top row can be defined by the operator. At one time the typewriter was almost 
the only device that had an alphabetic keyboard, and it was used mainly by 
clerical workers. Now the keyboard and its associated display have a new im- 
portance as the primary means of communication between people and comput- 
ers. Analysts at Arthur D. Little, Inc., predict that by 1990 between 40 and 
50 percent of all American workers will make use of such electronic devices. 
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LETTERS 


As a law professor I was very interest- 
ed in Douglas Hofstadter’s piece on re- 
flexivity and self-reference in the law 
[““Metamagical Themas,” by Douglas 
R. Hofstadter; SCIENTIFIC AMERICAN, 
June]. There are, as he says, many ex- 
amples. Article V of the United States 
Constitution prohibits amendments de- 
nying states equal representation in the 
Senate. The Supreme Court of India 
went out of its way to create a reflexivi- 
ty problem by deciding that the normal 
process of amending the Indian Con- 
stitution did not apply to their Bill 
of Rights, even though no explicit pro- 
vision prohibiting such amendments 
existed. 

These reflexivity problems are fasci- 
nating, but I do not see what they have to 
do with “general procedures of argu- 
ment,” as Hofstadter (quoting Howard 
Delong) suggests. They have everything 
to do with the meaning of rules, law and 
politics but not with procedures of argu- 
ment. Let me explain how at least one 
law professor would approach these 
problems. Every reflexivity example has 
the same structure. There is a rule that 
has specific cases coming under the rule. 
One particular case, by coming under 
the rule, appears to undermine the rule 
itself. For example, assume that the Su- 
preme Court must decide cases proper- 
ly appealed to it but that no judge can 
sit on a case in which he is personally in- 
terested. A case arises involving the re- 
duction of judges’ salaries, which is ar- 
guably unconstitutional. If the judges 
decide the case, they violate the rule 
against deciding cases in which they are 
personally interested, but failure to de- 
cide violates the rule requiring them to 
decide cases. The same structure exists 
for rules about amendment of the docu- 
ment containing the amending provi- 
sion. Assume that the Constitution can 
be amended by a two-thirds vote but 
that one of the provisions requires a 100 
percent vote. An amendment is passed 
changing the unanimity rule. If the 
amendment is valid, the unanimity rule 
is undermined, but if the amendment is 
invalid, the procedures for amendment 
are incomplete. 

What is presented in all these cases isa 
problem of meaning and a conflict be- 
tween rival conclusions, not a logical co- 
nundrum. The ultimate decision may be 
hard or easy, but the issues are not diffi- 
cult to conceptualize. My own conclu- 
sion is that the Supreme Court should 
hear the case involving its salary be- 
cause we do not want Congress deciding 
such issues and that the amending pow- 
er should not extend to the unanimity 
rule because this breaks the social con- 


tract. These are hard cases, but another 
example presented in Hofstadter’s arti- 
cle is easy. It concerns a contract to pay 
the rhetoric teacher Protagoras when his 
pupil Euathlus wins his first case. The 
teacher sues the pupil for the payment, 
figuring that if he wins the suit he gets his 
money and if he loses the suit he collects 
under the contract. But on what possible 
ground could he win the case before the 
pupil had won a lawsuit? And how could 
the original contract, in referring to a 
victory by the pupil as the occasion for 
payment, include a victory ina frivolous 
lawsuit by the teacher? 

What I am pointing out is that reflex- 
ivity presents problems of choice, some- 
times difficult, sometimes trivial, but 
that is nothing new in the law. Most im- 
portant legal problems involve choice 
without involving reflexivity. Do we 
prefer a right of privacy or freedom of 
the press? The deeper point concerns the 
interaction of law and artificial intelli- 
gence and perhaps _interdisciplinary 
studies generally. Reflexivity is un- 
doubtedly an important problem in phi- 
losophy for reasons I do not fully appre- 
ciate. If developments in artificial intel- 
ligence are to be useful in law, however, 
they must take into account what legal 
problems are all about. To a lawyer re- 
flexivity is not a relevant category but 
choice is. Indeed, I suspect that reflexivi- 
ty is just a diversion for Hofstadter. In 
an earlier article on analogy he dealt 
with the imaginative problem of defin- 
ing the First Lady of Britain. He there 
grappled with the problem of deciding 
what is like something else, which is the 
way lawyers always proceed in making 
choices. How we make analogies deter- 
mines how we make choices, and that is 
the essential nature of all judgment. If 
that is what artificial intelligence is all 
about, I very much want to hear more. 

As for the question of whether there 
are immutable rules, the answer is: Of 
course there are, if that’s what you want. 


WILLIAM D. POPKIN 


Professor of Law 
School of Law 
Indiana University 
Bloomington 


Sirs: 

Professor Popkin raises a very inter- 
esting point in his comment on my col- 
umn about Peter Suber’s game Nomic. 
His point is essentially twofold: (1) The 
fact that any legal system is inevitably 
chock-full of tangles arising from reflex- 
ivity is amusing, but rather than being 
themselves a deep aspect of law such 
tangles are a consequence of other deep 
aspects, the most significant of which is 
that (2) the crux of any legal system is 
the ability of people to distinguish be- 


tween the incidental qualities and the 
essential qualities of various events and 
relations, which ability results finally in 
recognition of what a given item 1s, that 
is, which category the item belongs to. 
Popkin calls this “choice.” In conclusion 
he suggests that to discover the princi- 
ples by which people can “choose” is 
a critical task for artificial-intelligence 
workers to tackle. 

I feel that neither Suber’s reflexivity 
nor Popkin’s choice is more central than 
the other in defining the nature of the 
law. In fact, they are intertwined. Suber 
stresses that people, in choosing which 
of two inconsistent aspects of a sup- 
posedly self-consistent system shall take 
precedence, often make their choice 
without explicit rules (since if the rules 
were spelled out, they would be suscep- 
tible to getting embroiled in a similar 
kind of tangle once again, only at a high- 
er level of abstraction). “Law can disre- 
gard logical difficulties and ground a 
solution on pragmatic rules, social poli- 
cies and legal doctrines,” Suber writes. 
“The effectiveness of policy, or what 
Popkin calls ‘choice,’ in plowing under 
logical obstacles is not the answer to 
the question but the mystery to be ex- 
plained.” 

Coming to grips with this contrast be- 
tween explicit rules and implicit princi- 
ples or guidelines is of great importance 
if one wants to characterize how flex- 


ible category recognition—“‘choice”— 


takes place, whether one is doing re- 
search in artificial intelligence, philoso- 
phizing about free will or attempting to 
characterize the nature of law. Popkin, 
in fact, is rather charitable toward arti- 
ficial-intelligence research, suggesting 
that it may someday yield clues, if not 
the key, to the mystery of choice. I 
think he is right about this. He may 
have failed to realize, however, that in 
any attempt to make a machine capa- 
ble of choice one runs headlong into the 
problem of inconsistencies, level colli- 
sions and reflexivity tangles, and for the 
following reason. 

All recognition programs are invari- 
ably modeled on what we know about 
perception in various modalities such as 
hearing and sight. One thing we know 
for sure is that in any modality, percep- 
tion consists of many layers of process- 
ing, from the most primitive or “syn- 
tactic” levels to the most abstract or 
“semantic” levels. The zeroing-in on 
the semantic category to which a given 
raw stimulus belongs is carried out not 
by a purely bottom-up (stimulus-driven) 
or purely top-down (category-driven) 
scheme but rather by a mixture of them, 
in which hypotheses at various levels 
trigger the creation of new hypotheses 
or undermine the existence of already 
existing hypotheses at other levels. This 
process of sprouting and pruning hy- 
potheses is a highly parallel one, in 


which all the levels compete simulta- 
neously for attention, like billboards or 
radio commercials or advertisements 
in the subway. 

Yet out of this seemingly anarchic 
chaos comes an integrated decision in 
which the various levels gradually come 
to some kind of self-reinforcing agree- 
ment. If a firm decision is to emerge 
from such a swirl of conflicting claims, 
there must be some kind of mental-level 
scheduler, something that functions like 
Robert’s Rules of Order, letting various 
levels have the floor, scheduling collec- 
tive actions such as votes, overriding or 
tabling motions and so on. In fact, to the 
best of our knowledge, this is the heart 
of the perceptual process. But this is the 
very place where reflexivity tangles crop 
up with a vengeance! 

Any perception program has various 
levels of “inner sanctum,” that is, levels 
of untouchability of its data structures. 
(These structures include not only the 
current hypotheses but also deeper, 
more permanent aspects of the program 
itself, such as the ways it weights various 
pieces of evidence, the rules by which it 
sorts out conflicts, the priority rules of 
its scheduler, and—of course—the infor- 
mation about the untouchability of lev- 
els!) Now, for the ultimate in flexibili- 
ty none of these levels should be totally 
untouchable (although that degree of 
flexibility may be unattainable), but ob- 
viously some levels should be less touch- 
able than others. Therefore any recog- 
nition program must have at its core 
a tiered structure precisely like that of 
government (or that of the rules of a 
game of Nomic), in which there are 
levels that are “easily mutable,” ‘“‘mod- 
erately mutable,” “almost immutable” 
and so on. The structure of a recognition 
program—a “choice” program—is seen 
to be inevitably riddled with reflexivity. 

The point of all of this is that the very 
reflexivity issues Popkin considers to 
be merely amusing sideshows in the law 
are actually deeply embroiled in what 
he sees as the meat of the matter, namely 
the question of how category recogni- 
tion—discerning the essence of some- 
thing—works. For that reason I found 
Suber’s game not merely amusing but 
philosophically provocative as well. In 
fact, I consider the intertwined study of 
reflexivity and recognition, using the 
fresh methods of the emerging disci- 
pline of cognitive science, to be of great 
interest and importance for the light it 
may shed on the ancient philosophical 
problems of mind, free will and identi- 
ty—not to mention those of the philoso- 
phy of law. 


DOUGLAS R. HOFSTADTER 
Department of Computer Sciences 


Indiana University 
Bloomington 





50 AND 100 
YEARS AGO 


SCIENTIFIC 
AMERICAN 


SEPTEMBER, 1932: “New light has 
been shed on the already famous Sinan- 
thropus discovery. Readers will remem- 
ber that in 1926 and 1927, in a cave 37 
miles from Peking, three human fossil 
teeth were discovered. In 1928 parts of 
some jaws and skulls came to light. In 
December, 1929, an almost complete 
skull of Sinanthropus was discovered in 
the same cave. Worked tools and the 
remains of hearth fires have now been 
discovered. ‘Sandy Layer 4’ has been 
found to contain an abundance of disin- 
tegrated charcoal from wood fires—old 
hearths like those so familiar to students 
of cave-dwelling man in Europe. The 
layer under Layer 4 is heavily impreg- 
nated with hearth-fire cinders. In the 
same layers the antlers of deer were 
found. They had been cut into lengths 
and used for flint-tool handles and as 
picks. The result of this discovery has 
been to accelerate the growth of an 
Opinion previously held by some stu- 
dents of man’s ancestry—that the be- 
ginning of human arts dates back to 
immense antiquity, before man had 
acquired his present form.” 










“W. S. Adams and Theodore Dun- 
ham, Jr., photographing the spectrum 
of Venus with the Mount Wilson 100- 
inch telescope, the great coudé spectro- 
scope and the new red-sensitive plates, 
have found a group of sharp absorp- 
tion bands in the infra-red, which they 
announce as being due to carbon diox- 
ide. The identification of a familiar sub- 
stance in a neighbor planet is always of 
great interest, and some have interpret- 
ed the new discovery as indicating the 
possible presence of life on Venus. This 
appears very doubtful. The atmospheric 
essentials for life such as we know it are 
oxygen and water vapor. No spectro- 
scopic evidence of these has been found, 
nor do Adams and Dunham report it 
now. An atmosphere rich in carbon di- 
oxide and devoid of oxygen seems far 
nearer what might be expected on a 
planet not generally different in com- 
position from our own but on which 
life for one reason or another has nev- 
er developed. It appears probable that 
the planets initially had no free oxygen 
in their atmosphere, although oxygen 
compounds such as H2O and CO, may 
have been abundant, and that the oxy- 
gen now present on the earth has been 
liberated by the action of vegetation. 
If carbon dioxide is present in great 
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abundance on Venus, this confirms rath- 
er than opposes the conclusion already 
drawn from the absence of lines of oxy- 
gen and water vapor. Our nearest neigh- 
bor among the planets bears every avail- 
able evidence of being lifeless.” 


“The most important provision of the 
Merchant Airship Bill, which has passed 
through the House of Representatives, 
is the placing of the airship on the same 
footing as oceangoing steamers as far as 
compensation for carrying mail is con- 
cerned. The plans of the International 
Zeppelin Corporation call for placing 
four airships in service, two American 
and two German, and the construction 
of one complete terminal in the United 
States and one complete terminal in Eu- 
rope. The airships designed for this serv- 
ice would be 858.8 feet long. The maxi- 
mum diameter would be 132.9 feet, and 
the horsepower of the eight engines 
would total 4,800. The maximum speed 
would be 72.5 knots, or 83.5 miles per 
hour. There would be accommodations 
for 80 passengers with an exercising cor- 
ridor of 400 feet, a central dining room, 
a smoking room, a lounge room, an ob- 
servation car and so forth.” 








SEPTEMBER, 1882: ‘The Interna- 
tional Electrical Congress held in Paris 
has decided to make use of the centime- 
ter, gramme and second in all electri- 
cal measurements. They will retain the 
practical units, ‘ohm’ for resistance and 
‘volt’ for electromotive force. The inten- 
sity of a current produced by one volt, 
with a resistance of one ohm, will be 
called an ‘ampere,’ and the quantity of 
electricity given by one ampere in one 
second will be called a ‘coulomb’; the 
term ‘farad’ indicates the capacity of 
the condenser, which, laden with a volt, 
holds one coulomb. Dr. William Sie- 
mens has suggested adding to the list a 
unit of power. The power conveyed by 
a current of one ampere through the 
difference of potential of one volt is 
the unit consistent with the practical sys- 
tem. It might, Dr. Siemens suggests, be 
appropriately called the watt, in hon- 
or of that master mind in mechanical 
science.” 


“The cause of malarial diseases is said 
to have been discovered by Prof. Lave- 
ran, a French physician of Val-de- 
Grace. It is a very minute organism, 
named by him Oscillaria malariae. M. 
Richard, who announced the discovery 
in the French Academy of Sciences, has 
found these microbes in all the fever 
patients of the Philippeville Hospital in 
Algeria. They reside in the red blood 
corpuscles and completely destroy their 
contents. They can easily be rendered 
visible by treatment with acetic acid, 


but otherwise it is difficult to detect 
them in the corpuscles. They look like a 
necklace of black beads with one or 
more projections, which penetrate the 
cell of the corpuscle and oscillate or 
move like whips.” 


“The assumption that the earth was at 
one time in a fluid condition, as held by 
Laplace and by many astronomers and 
geologists, has been disputed with a sug- 
gestive presentation of evidence by Dr. 
Houghton before the Science Associa- 
tion at Montreal. Some of his reasons 
for doubting the fluidity of the earth or 
any other planet at any stage of its evo- 
lution are: 1. The possibility of the equi- 
librium of the rings of Saturn, on the 
supposition that they are either solid or 
liquid, has been more than doubted, and 
the most probable hypothesis concern- 
ing them is that they consist of swarms 
of discrete meteoric stones, discrete 
meaning that they are separate from one 
another in space. 2. The recent research- 
es connecting the periodic showers of 
shooting stars with comets tend in the 
direction of showing that comets in 
cooling break up into discrete solid par- 
ticles, and that probably the solar nebu- 
la cooled in a like manner. From these 
and other considerations it is allowable 
to suppose that the earth and the moon, 
when they separated from the solar neb- 
ula, did so in the form of solid meteoric 
stones, each of them having the temper- 
ature of interstellar space.” 


“The word energy was first used by 
Young in a scientific sense, and repre- 
sents a conception of recent date, being 
an outcome of the labors of Carnot, 
Mayer, Joule, Grove, Clausius, Clerk 
Maxwell, Thomson, Stokes, Helmholtz, 
Rankine and other laborers, who have 
accomplished for the science regarding 
the forces in nature what we owe to La- 
voisier, Dalton, Berzelius, Liebig and 
others as regards chemistry. In this short 
word energy we find all the efforts in 
nature, including electricity, heat, light, 
chemical action and dynamics, equally 
represented, forming, to use Dr. Tyn- 
dall’s apt expression, many ‘modes of 
motion.’ It will readily be conceived that 
when we have established a fixed nu- 
merical relation between these different 
modes of motion, we know beforehand 
what is the utmost result we can possibly 
attain in converting one form of energy 
into another, and to what extent our ap- 
paratus for effecting the conversion falls 
short of realizing it.” 


“The 30-inch objective for the great 
telescope of the Russian observatory at 
Pulkovo was lately tested at the estab- 
lishment of the grinders, the Clarks of 
Cambridge, Mass., and was found to 
be nearly perfect. The lens weighs 450 
pounds, will cost when finished $60,000 
and will be for a while the largest in the 
world.” 
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The cafe Iruna, Pamplona, 
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Given more tint 
clerkcould come vy 


original idea. 


In 1905, a young clerk in the Swiss 
Civil Service, a man with a mediocre 
academic record, wrote a paper which was 
to become known as the Special Theory 
of Relativity. | 

Albert Einstein had learnt to think. 

His method was to hold the problem 
of the momentin his mind relentlessly and 
without distraction. 

One way he achieved this was by 
never bothering to commit facts to 
memory. He felt it would clutter his mind, 
needlessly. There were 
better uses, he thought, for 7 
the human brain. 
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METAMAGICAL 
THEMAS 


Can inspiration 


be mechanized? 


by Douglas R. Hofstadter 


a thing as “‘the creative spark,” that 

when a brilliant mind comes up 
with a new idea or work of art there has 
been “tan unanalyzable leap of the imag- 
ination.” Great creators are sometimes 
said to be a “quantum leap” away from 
ordinary mortals. People such as Mo- 
zart are held to be somehow divinely 
inspired, to have magical insights for 
which they could no more account than 
spiders could explain how they weave 
their wondrous webs. It is all felt to be a 
gift somehow too deep, too hidden, too 
occult to be in any sense mechanical. 
“You may mechanize your logic,” says 
the English professor to the computer 
scientist, “but you’ll never lay a finger 
on poetry.” (You may substitute music 
or any other domain of artistic creation 
for poetry.) 

Is this kind of statement irrational? Is 
it a reflection of a deep-seated fear that 
even this most sacred aspect of being 
human is doomed to be taken over soon 
by machines or silicon chips? Why make 
such a big deal out of an activity of the 
human mind that, like every other activ- 
ity in life, has shades and degrees? After 
all, the creative blurs into the mundane 
so smoothly that it would seem hopeless 
to try to cull what is truly creative out of 
what is not. Or is there some clean divid- 
ing line that distinguishes the run-of-the- 
mill workaday deviser of ditties from 
the Great Composer of Eternal Sym- 
phonic Masterpieces? And if there is, is 
it possible that here lies the elusive dif- 
ference between the living and the dead, 
the human being and the machine, the 
mental and the mechanical? 

With such a “magical” view of crea- 
tivity there is, of course, a problem. It 
would seem to imply that the poor com- 
poser of ditties is actually dead and me- 
chanical inside, that only certified gen- 
iuses such as Mozart are qualitatively 


| is commonly held that there is such 


different from machines and that even — 


Mozart was nonmechanical only when 
he was composing, certainly not when 
he was merely drinking beer at an inn. 
Probably most people who believe in 
the magical view of creativity would 
dispute this way of describing their 
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position. They would maintain that 
Mozart was nonmechanical all the time 
and that moreover you and I, no less 
than Mozart, are also nonmechanical 
all the time. It is irrelevant that some, 
even many, human abilities have al- 
ready been mechanized or will be mech- 
anized someday. 

About the touchy question of the 
mechanization of the mental many edu- 
cated people believe that although a ma- 
chine may now or someday be able to do 
a creditable job of acting like a person, 
any machine’s performance will always 
remain lackluster and dull, and that 
after a while this dullness will always 
show through. You will simply have no 
doubt that the machine is unoriginal, 
that its ideas and thoughts are all being 
drawn from some storehouse of formu- 
las and clichés, that ultimately there is 
nothing alive and dynamic—no élan vi- 
tal—behind its facade. There may be 
nothing specific to point to other than 
the ‘‘vibes” you pick up of its dullness 
and unoriginality, but after a while they 
will inevitably start to come in loud and 
clear. (Incidentally, I would be delighted 
if some of the more vocal antimecha- 
nists felt that way, instead of insisting, 
as they more often do, that operation- 
al tests are of no value in deciding 
who or what possesses “genuine men- 
tal states.’’) 


his sense that you will eventually be 

able to “‘just tell,” from its inevitable 
lack of sparkle, that you are dealing with 
a machine and not a person seems to 
depend on a tacit assumption about hu- 
man thought, one with which I fully 
agree, namely that the “‘creative spark”’ 
is not the exclusive property of a few 
rare individuals down through the cen- 
turies but rather is an intrinsic ingredi- 
ent of the everyday mental activity of 
everyone, even the most ordinary peo- 
ple. In short, it seems that people who 
think machines—even intelligent ma- 
chines—will always remain duller than 
people are tacitly relying on this thesis: 
Creativity is part of the fabric of all hu- 
man thought, rather than some esoteric, 
rare, exceptional or fluky by-product of 


the ability to think, which surfaces every 
so often here and there. 

With that thesis I agree. Where I differ 
with antimechanists is over the matter 
of whether creativity lies beyond intelli- 
gence. I see creativity and insight, for 
machines no less than for people, as 
being intimately bound up with intelli- 
gence, and so I cannot imagine a non- 
creative yet intelligent machine—some- 
thing that, in order to make a point 
about what is essentially human, anti- 
mechanists seem willing to do. To me 
“noncreative intelligence” is a flat-out 
contradiction in terms. 

In this column I should like to de- 
scribe some ideas I have about how 
creativity is founded on mechanisms, 
mechanisms that to be sure lie deeply 
hidden in the depths of the structure of 
our brain but that nonetheless exist and 
can perhaps be approximated with the 
hardware and software of the machines 
we have today, crude though they are in 
certain ways. The gist of my notion is 
that having creativity is an automatic 
consequence of having the proper repre- 
sentation of concepts in a mind. It is not 
something you add on afterward. It is 
built into the way concepts are. To spell 
this out more concretely, if you have 
succeeded in making an accurate model 
of concepts, you have thereby also suc- 
ceeded in making a model of the cre- 
ative process, even of consciousness. 

Another way of talking about con- 
cepts is to talk about memory, which is 
the “place” where concepts are stored. 
It is the organization of memory that 
defines what concepts are. Incidental- 
ly, when I first wrote the preceding sen- 
tence, it ended differently. It went: “It is 
the organization of memory that defines 
what concepts will be accessible under 
what conditions.” On rereading the sen- 
tence I felt it was too weak that way. It 
took for granted the notion that all read- 
ers have a clear concept of what a con- 
cept is. But that is hardly to be taken for 
granted! Granted, we all have some con- 
cept of what a concept is, but do we have 
a clear one? 

Therefore I dropped the phrase begin- 
ning with “will be accessible” and re- 
placed it with “are.” This way the sen- 
tence does more than simply state that 
memory is a storehouse of some things 
called concepts. It emphasizes that what 
establishes the “‘concepthood” of some- 
thing is the way it is integrated into 
memory. Or conversely, nothing is a 
concept except by virtue of the way it is 
connected up with other things that are 
also concepts. In other words, the prop- 
erty of being a concept is a property 
of connectivity, a quality that comes 
from being embedded in a certain kind 
of network and from nowhere else. 
Put this way, concepts sound like struc- 
tural or even topological properties of 
the vast tangly networks of sticky men- 
tal spaghetti. 

That is more or less the image I think 
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it is important to convey, namely that 
concepts derive all their power from 
their connectivity with one another. 
Having expressed the idea, I can now 
return to the sentence as it was original- 
ly put: “It is the organization of memory 
that defines what concepts will be acces- 
sible under what conditions’’—and sure- 
ly the happy choice of the right concept 
at the right time is the essence of the 
creative. Therefore it is imperative to 
study deeply the nature of that network, 
to ask the question: What is a concept? 


uestions that quickly come to mind 

are: What is the relation between a 
Platonic, or general, concept, such as the 
concept of “tree,” and the concept you 
form of some specific tree? That is, what 
is the distinction between semantic or 
perceptual categories and the represen- 
tations of individual instances of such 
categories? How is a given situation 
filed away in memory so that one has 
access to it under an enormous variety 
of future situations—access that is of- 
ten gained by analogy or other abstract 
pathways rather than by simplistic su- 
perficial traits? Or, to consider the other 
side of that coin, how does a given situa- 
tion lead to the highly selective retrieval 
from memory of a small number of ear- 
lier situations that seem relevant? Only 
through a deep understanding of the or- 
ganization of memory—which is to say, 
only by answering the question: What is 
a concept?—will it be possible to make 
models of the creative process. It will be 
a long and arduous process, not one that 
will yield answers soon, or even in a 
few decades. The right beginnings have 
nonetheless been made, in the sciences 
of cognitive psychology and artificial in- 
telligence. Contributions will undoubt- 
edly be made by philosophers of mind 
and neuroscientists as well. 

A question that arises at the outset is: 
What kinds of objects have concepts 
stored inside them and what kinds do 
not? In Dean E. Wooldridge’s book Me- 
chanical Man: The Physical Basis of Intel- 
ligent Life (McGraw-Hill Book Compa- 
ny, 1968) there is a passage that opens 
the question wide: | 

‘“‘When the time comes for egg laying, 
the wasp Sphex builds a burrow for the 
purpose and seeks out a cricket which 
she stings in such a way as to paralyze 
but not kill it. She drags the cricket into 
the burrow, lays her eggs alongside, 
closes the burrow, then flies away, never 
to return. In due course, the eggs hatch 
and the wasp grubs feed off the para- 
lyzed cricket, which has not decayed, 
having been kept in the wasp equiva- 
lent of a deepfreeze. To the human 
mind, such an elaborately organized and 
seemingly purposeful routine conveys a 
convincing flavor of logic and thought- 
fulness—until more details are exam- 
ined. For example, the wasp’s routine is 
to bring the paralyzed cricket to the bur- 
row, leave it on the threshold, go inside 
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to see that all is well, emerge, and then 
drag the cricket in. If the cricket is 
moved a few inches away while the 
wasp is inside making her preliminary 
inspection, the wasp, on emerging from 
the burrow, will bring the cricket back 
to the threshold, but not inside, and will 
then repeat the preparatory procedure 
of entering the burrow to see that every- 
thing is all right. If again the cricket is 
removed a few inches while the wasp 
is inside, once again she will move the 
cricket up to the threshold and re- 
enter the burrow for a final check. The 
wasp never thinks of pulling the crick- 
et straight in. On one occasion this 
procedure was repeated forty times, 
always with the same result.” 

One might remark that it was not the 
wasp that was in a rut but the experi- 
menter. Humor aside, this is a shocking 
revelation of the mechanical underpin- 
ning in a living creature of what looks 
like quite reflective behavior. 


Somewune about the wasp’s actions 
seems supremely unconscious, a 
quality totally opposite to what we hu- 
man beings think we are all about, par- 
ticularly when we talk about our own 
consciousness. I propose to call the 
Sphex wasp’s quality ‘“‘sphexishness”’ 
and its opposite “‘antisphexishness.” I 
then propose that consciousness is sim- 
ply the possession of antisphexishness to 
the highest possible degree. The point is 
that sphexishness and antisphexishness 
are two extremes along a continuum. 
Let me give a few examples distributed 
along that continuum, starting at the 
most sphexish and finishing with the 
most antisphexish: 

1. A stuck record. This can be partic- 
ularly disturbing if the recorded piece 
has a vibrant dynamism (such as the mu- 
sic of contemporary composer Steve 
Reich) the lifelike illusion of which is 
shattered by the mechanical repetition 
of the jumping needle. 

2. The Sphex wasp herself and other 
examples from the insect world. For in- 
stance, suppose you have a mosquito in 
your bedroom. You try to swat it, and 
you miss. The mosquito takes off and 
flies around the room, losing you. After 
a while it alights and you spot it on the 
wall. Again you try to swat it and miss. 
As the cycle progresses is the mosquito 
aware of the repetition? Does the mos- 
quito begin to sense that there is an orga- 
nized effort to kill it or does each new 
swat come as fresh and as unexpected as 
the preceding one? Does the mosquito 
formulate some such notion as ‘“‘the ani- 
mate agent whose desire is to wipe me 
out’? Unfortunately for the mosquito 
but fortunately for you, it seems highly 
unlikely. 

3. A herd of cattle in a corral, waiting 
to get branded. There is a general com- 
motion and hubbub, originating with 
the noise each cow makes at the moment 
of branding and propagated outward by 


the cows closest to it. Does each cow in 
the corral recognize the overall pattern? 
Is each cow’s increased state of agita- 
tion due to the fact that it perceives 
what is about to happen to it, or does it 
feel only a vague apprehension, perhaps 
a raised hormone level without any 
specific meaning or referential quality? 

4. A dog that is fooled every time by a 
faking motion in which you pretend to 
throw a ball but do not release it. Actu- 
ally I do not know any dog that would 
fall for such an elementary trick. I 
am, however, acquainted with a certain 
Airedale that did not catch on when I 
threw his toy onto an upstairs landing 
instead of down the hall where he ex- 
pected it. I then led him up the stairs and » 
showed him where it was. I expected he 
would know enough to go upstairs the 
next time. No such luck; he just ran 
down the hall again. Even after I had 
thrown his toy upstairs 15 times more, 
he sti/l ran down the hall and then re- 
turned looking confused. Poor doggie! 
True, some of those 16 painful times he 
did start to go up the stairs, but each 
time he got only partway up, turned 
around and then hightailed it down the 
hall. To me it was a disappointingly 
sphexish kind of behavior for a dog. 

5. Glassy-eyed gamblers in Las Ve- 
gas, glued to their slot machines. To this 
can be added glassy-eyed teen-agers and 
college students glued to video games 
and pinball machines. Is there not some 
kind of deadening rut here? And yet 
many people do such things over and 
Over again with seeming pleasure. 

6. A person who has the habit of sing- 
ing or whistling in the midst of other 
activities and who, if you pay attention, 
can be heard to sing or whistle the same 
little refrain, day in, day out, year in, 
year out, never with any variety. 

7. People who make what seems to be 
the same joke, only in slightly different 
guises, over and over again. Or invet- 
erate punsters, who simply cannot stop 
making one pun after another. 

8. Junior-high-school students who fill 
each other’s yearbooks with the same 
pat phrases and corny poems your jun- 
ior-high class did. 

9. A mathematician who exploits a 
single technique in paper after paper, 
making advances in different branches 
of mathematics, yet always with a dis- 
tinct, idiosyncratic touch and always, in 
some deep sense, doing just “‘the same 
old trick” again and again. 

10. People whose behavior leads them 
down harmful pathways in their lives, 
for instance in their love affairs or their 
jobs. We all know people who “blow it” 
in the same way each time they are faced 
with a situation that matters. 

11. Social trends that become com- 
pletely stylized and predictable, such 
as the endless “sitcoms” television net- 
works keep churning out and the movies 
one after another based on some gim- 
mick exploited in slightly different ways. 


For instance, one could perceive the 
movies Breaking Away, The Black Stal- 
lion and Chariots of Fire as being sim- 
ply three ways of plugging specific val- 
ues for variables into one successful 
formula: an upcoming championship 
race, a lovable underdog, a rival and, 
of course, ultimate victory. And these 
works are sophisticated compared with 
some books and movies that far more 
blatantly exploit famous predecessors. 

12. Styles in art that become dated 
and routinized to the point of no longer 
being creative. It happens to every style, 
but at the moment of its happening there 
are always some people who are break- 


‘ing out of the rut and creating totally 


new styles. There are other people, how- 
ever, who become technically proficient 
at an old style and continue to create in 
an old-fashioned vein. 


j ee be different are those last few ex- 
amples from the stuck record or 
from the Sphex wasp? What is the real 
difference we feel as we progress down 
the list? 

I would summarize it by saying that 
it is a general sensitivity to patterns, an 
ability to spot patterns of unanticipated 
types in unanticipated places at unan- 
ticipated times in unanticipated media. 
For instance, you just spotted an unan- 
ticipated pattern: four repetitions of a 
word. There was no explicit preparation 
for this act of perception in your genes 
or your schooling. All you had going 
for you is an ability to see sameness. 
All human beings have that readiness, 
that alertness, and this is what makes 
them so antisphexish. Whenever they 
get into some kind of “loop,” they quick- 
ly sense it. Something happens in their 
head—a kind of “loop detector’ fires. 
You can think of it as a “rut detector,” a 
‘“‘sameness detector,” but no matter how 
you put it the possession of this ability to 
break out of loops of all types seems the 
antithesis of the mechanical. Or, to put it 
the other way around, the essence of the 
mechanical seems to lie in its lack of 
novelty and its repetitiveness, in its be- 
ing trapped in some kind of precisely 
delimited space. That is why the behav- 
ior of the wasp, the dog and even some 
human beings seems so mechanical. 

How many computers do you know 
that react with outrage (or a guffaw) to 
the simultaneous occurrence on a single 
mailing list of “Bernie Weinreb,” “‘Ber- 
nie W. Weinreb,” “Mr. Bernie Weinreb, 
R.M.,” “Barnie Weinrab” and so forth? 
Computers do not have automatic sensi- 
tivity to patterns in the data they deal 
with. To be sure, how could they be ex- 
pected to? As the old saw goes, they do 
only what they are programmed to do. 
Computers are not inherently bored by 
adding long columns of numbers, even 
when all the numbers are the same. Peo- 
ple are. What is the difference? 

Clearly there is something lacking in 
the machine that allows it to have an 


unbounded tolerance for repetitive ac- 
tions. The thing that is lacking can be 
described in a few words: it is the ability 
to watch oneself as one deals with the 
world, to perceive in one’s own activi- 
ties a pattern and to be able to do so at 


many levels of abstraction. Consider a 


hypothetical self-watching computer. 
To be sensitive in this way it should get 
bored whenever it is forced to add a 
long column of identical numbers to- 
gether. Wouldn’t you? It should get 
bored whenever it is forced to do just 
adding over and over again, even when 
the numbers are different. Wouldn’t 
you? It should even get bored when it 
is asked to do many arithmetic opera- 
tions in any kind of repetitive pattern. 
Wouldn’t you? Any loop of any kind 
should become tedious. Shouldn’t it? 


B" where does it stop? Surely if a 
computer could perceive that all it 
ever does is pull one instruction after 
another up from memory (a piece of 
hardware, not to be confused with hu- 
man memory), execute the instructions 
and change various registers, it would 
yawn with boredom and probably soon 
go to sleep. By the same token you or I, 
if we ever gained access to the firings of 
our neurons, would find watching that 
activity to be one of the most stultifying 
things imaginable. 

This, however, is not the kind of self- 
watching I mean. Watching one’s own 
internal microscopic patterns of activity 
is bound to be boring, because any com- 
plex system is bound to be made up of 
thousands, millions or even more cop- 
ies of small elements (gears, transistors, 
cells and so on). What is critical is to be 
able to watch activities on a complete- 
ly different level: the collective level, in 
which huge patterns of activity of these 
many components assume regular kinds 
of behavior perceptible on their own. A 
hurricane is a huge pattern of activity of 
tiny atoms, but one with such regularity 
and pattern that we can predict the be- 
havior of hurricanes without ever think- 
ing of their constituent atoms. A thought 
is a huge pattern of activity of tiny cells, 
and much the same can be said of it. 

Antisphexishness has to do with self- 
perception at this kind of level. Rather 
than watching its neurons or transis- 
tors or registers, an antisphexish be- 
ing watches its own high-level patterns, 


looking for similarities in somewhat the 


way a meteorologist might look for 
one hurricane to follow the same gen- 
eral path as another. 

Hence we should not expect or even 
want a self-watching computer to be 
able to see down to the level of its cir- 
cuitry; it would not watch itself do- 
ing the machine-language operations of 
“add,” “store” and “jump” in looplike 
patterns. The effects of such operations 
are to change the larger things in memo- 
ry called data structures. Self-watching 
involves monitoring those changes as 


they happen, filtering out dull ones and 
recording certain aspects of the interest- 
ing ones in other data structures. (The 
fact that such recording would, on 
a more microscopic level, involve the 
very same kinds of elementary machine- 
language operations would be invisible 
to the computer, since the machine 
should be shielded from that detailed 
a view of itself.) Thus patterns in the 
changes taking place in one set of data 
structures would get recorded in anoth- 
er set of data structures. Should we then 
not set up a third level of data structures, 
a level to watch the second level for pat- 
terns occurring in it? And should we not 
also set up a fourth level to watch the 
third? This seems prime territory for an 
infinite regress: an endless hierarchy of 
structures, each one monitoring changes 
in the level below it. 

Such is indeed the case, and it is be- 
cause you are a self-watching human be- 
ing that you caught onto the pattern, 
probably before I had spelled it out. It is 
in the nature of human pattern percep- 
tion to be able to detect such infinite 
regresses and to stop them before they 
get anywhere. But what about the hypo- 
thetical self-watching computer, with 
its infinitely many layers of watchers? 

Well, surely one of the most salient 
features—no, definitely the most salient 
feature—of what I have just described is 
the pattern of the data structures them- 
selves: the hierarchy stretching upward 
repetitively toward infinity. Shouldn’t 
this pattern be as blatant to a self-watch- 
er as it is to us? It should indeed. If we 
were to label the bottom level 0 and the 
first watching level 1, then logically we 
should label the further levels 2, 3 and 
so on. Each level in this potentially infi- 
nite set can be identified with a natural 
number. Once the pattern is perceived 
by a watcher, that watcher can form the 
general concept of ‘all the levels seen 
at once,” associated with the concept 
of “all the natural numbers conceived 
of at once.” The conventional name 
for the set of all natural numbers is w 
(omega), which can be taken as the 
name of a new watching level that looks 
out for patterns in this potentially infi- 
nite tower of watchers. 


yor need not worry, by the way, that 
in proposing such a self-watching 
computer I am presupposing an infinite 
machine. Precisely the opposite is the 
case. The entire reason for stopping infi- 
nite regress in its tracks is so that we will 
not need to build an infinite tower of 
data structures and watching processes, 
a feat that would clearly be impossible, 
aside from being monumentally sphex- 
ish. At any stage only a finite amount of 
recording would have been done, and so 
only a finite number—in fact a small 
number—of levels of structure would 
exist. The only requirement is that there 
be the potential to extend it further. 

It would be the w watcher that would 
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perceive (as you and I and any other 
human being would) the infinite-regress 
pattern of attempts to build the w tower 
itself. The w watcher would catch any 
such infinite regress before it could start. 
If a change in Level 0 caused a change in 
Level 1 that caused a change in Level 2, 
and if these changes seemed to be pat- 
terned in such a way that an inevitable 
infinite ripple upward would ensue, the 
w watcher, ever alert for such patterns 
in the other watchers, would come to 
the rescue, shouting ‘Wait! Enough! 
Halt!’ Therefore no infinite regress 
would actually occur; it would be 
nipped in the bud by the same kind of 
mechanism that enables you to cut off 
a bore at a party. “Excuse me, I think 
Pll go get some more punch.” 

The problem is that there is nothing 
to prevent the w level itself from going 
into loops, and so if we are going to pre- 
vent that, we must have a higher watch- 
er: w + 1. Uh-oh! Before I even had 
a chance to begin spelling it out, you 
sniffed a new infinite regress. (You spoil 
all my fun!) Well, I am going to spell it 
out anyway. Level w + 1 needs to be 
watched by Level w + 2, and that level 
by Level w + 3. Thus we have a second 
potentially infinite tower of watchers, 
all of whom will be watched over by the 
Grand Watcher, Level 2w. But if there 
can be two towers, why not three? And 
so, of course, it goes. Wheels within 
wheels, patterns of patterns of patterns. 
We get watchers 2m, 3m, and now our 
tower of towers needs a new Great- 
Grand Watcher: w2. And then— 

Excuse me; I think [ll go get some 
more punch. There is a problem once 
you Start getting into infinite regresses 
composed of other infinite regresses: the 
whole thing just never stops, and it be- 
comes a bore. Well, not exactly a bore, 
but a complex and confusing thing 
whose reality and relevance become 
ever more questionable. And yet when 
you bring it back to the domain of 
sphexishness, it becomes the very real 
and very relevant question of how to 
build a machine that can sense unantici- 
pated patterns in its own behavior. 

This is related to a classic problem in 
the theory of computability: the halting 
problem. The problem is the question of 
whether there exists any computer pro- 
gram that can inspect other programs 
before they run and reliably predict 
whether or not they will go into infi- 
nite loops. (Going into an infinite loop 
means never coming to a halt, and con- 
versely halting means avoiding any infi- 
nite loop.) The answer turns out to be 
no, and for elegant, deep reasons. Of 
course, the thing hinges on getting the 
halting inspector to try to predict its 
own behavior while it is looking at it- 
self trying to predict its own behavior 
while it is looking at itself trying to 
predict its own behavior while~- Excuse 
me; I think I’ll go get some more punch. 

The idea of the halting problem isclose- 
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ly related to the question about self- 
watching programs, but it is not really 
the same thing. First of all the halting 
problem is concerned with an inspection 
to be carried out on programs before 
they are running; it is like looking at 
blueprints of a building before it is built 
to see if it is earthquake-proof. Here we 
are talking about a program that is ob- 
serving some program while it is run- 
ning, and what is more, it is not just 
“some program” that it is watching, but 
itself. Of course, not al/ its attention is 
being devoted to seeing if it has got into 
a rut (since that would itself constitute 
ruttish behavior), but while it is doing 
other things it is keeping its eye peeled, 
so to speak, for signs of ruttishness with- 
in itself. 


ie computability theory, when a pro- 
gram or a system of any other kind 
turns back on itself in this way, the turn- 
ing back on itself is known as diagonali- 
zation. To some people diagonalization 
seems a bizarre exercise in artificiality, a 
construction of a sort that would never 
arise in any realistic context. To others 
its flirtation with paradox is tantaliz- 
ing and provocative, suggesting links 
to many deep aspects of the universe. 
Now here we see a dynamic diagonali- 
zation—a self-watching program—that 
seems to be closely connected with 
what makes a human being utterly dif- 
ferent from a stuck record or a Sphex 
wasp. Surely that is not such a bizarre- 
ly artificial thing to ponder! 

Probably the most significant differ- 
ence between the halting problem and 
the idea of a self-watching program 
is that in trying to build an artificial in- 
telligence we are not really so much 
concerned with the mathematical per- 
fection of our self-watching system as 
we are with its likelihood of survival 
in a complex world. After all, that is 
what intelligence is about. Therefore if 
there is a mathematical theorem tell- 
ing us that no program whatsoever will 
be a perfect self-watcher, able to catch 
itself in any conceivable kind of infi- 
nite regress, well, it is simply a state- 
ment that perfect intelligence is unreach- 
able—something that ought to please us 
rather than dismay us, since it would be 
rather disappointing if someone came 
up with a finite program and could le- 
gitimately announce: “Well, folks, here 
it is at last, the end-all of intelligence, a 
perfectly intelligent program.” 

But don’t worry about that. The meta- 
mathematical work of Kurt Gédel, Alan 
Turing, Stephen Kleene and others on 
such things as the halting problem and 
the theory of infinite ordinals (such as 
the towers of numbers and w’s) tells us 
that this scenario will never be realized, 
since there is neither a perfect halting 
inspector nor any ultimate scheme for 
naming ordinals. What this latter result 
means is that there is no finite mecha- 
nism that can possibly detect all pat- 


terns, patterns of patterns, patterns of 
patterns of patterns of patterns (aha!— 
I fooled you that last time, didn’t I?), 
and so on. 

In a famous paper titled ““Minds, Ma- 
chines, and Gédel” (in Minds and Ma- 
chines, edited by Alan Ross Anderson, 
Prentice-Hall, 1964) the English philos- 
opher J. R. Lucas attempted to capital- 
ize on these types of “negative” results 
of metamathematics by asserting they 
provided the key element in a proof that 
no machine could ever be conscious in 
the way human beings are. Let Lucas 
speak for himself: 


“A one’s first and simplest attempts to 
philosophize, one becomes entan- 
gled in questions of whether when one 
knows something one knows that one 
knows it, and what, when one is thinking 
of oneself, is being thought about, and 
what is doing the thinking. After one has 
been puzzled and bruised by this prob- 
lem for a long time one learns not to 
press these questions: the concept of a 
conscious being is implicitly realized to 
be different from that of an unconscious 
object. In saying that a conscious being 
knows something we are saying not only 
that he knows it, but that he knows that 
he knows it, and that he knows that he 
knows that he knows it, and so on, as 
long as we care to pose the question: 
there is, we recognize, an infinity here, 
but it is not an infinite regress in the bad 
sense, for it is the questions that peter 
out, as being pointless, rather than the 
answers. The questions are felt to be 
pointless because the concept contains 
within itself the idea of being able to go 
on answering such questions indefinite- 
ly. Although conscious beings have the 
power of going on, we do not wish to 
exhibit this simply as a succession of 
tasks they are able to perform, nor do 
we see the mind as an infinite sequence 
of selves and super-selves and super- 
super-selves. Rather, we insist that a con- 
scious being is a unity, and though we 
talk about parts of the mind, we do so 
only as a metaphor, and will not allow 
it to be taken literally. 

“The paradoxes of consciousness 
arise because a conscious being can be 
aware of itself, as well as of other things, 
and yet cannot really be construed as 
being divisible into parts. It means that a 
conscious being can deal with Gédelian 
questions in a way in which a machine 
cannot, because a conscious being can 
both consider itself and its performance 
and yet not be other than that which 
did the performance. A machine can be 
made in a manner of speaking to ‘con- 
sider’ its performance, but it cannot take 
this ‘into account’ without thereby be- 
coming a different machine, namely the 
old machine with a ‘new part’ added. 
But it is inherent in our idea of a con- 
scious mind that it can reflect upon it- 
self and criticize its own performan- 
ces, and no extra part is required to do 


From 0 to 55,134 feet in exactly 
Lhour 9 minutes and 42 seconds. 





Julian Nott makes final pre-flight checks. 


Nothing inspires a world 
record holder more than the 
capture of his world record. 

In 1979, it happened 
to Julian Nott. 

A competitor soared 
to 52,000 feet in a hot 
air balloon, exceeding 


The most advanced technol- 
ogy and materials were 
incorporated. 

For example, the pressur- 
ized cabin was constructed of 
the very latest composite plas- 
tic, effecting a weight saving of 
nearly 80 percent over conven- 
tional materials. 

One vital piece of Julian 
Nott’s equipment, however, re- 
mained unchanged from his 
1974 ascent. 

His watch. A Rolex Oyster. 
“It came under the same close 
scrutiny as everything else,’ 
remarked Julian, “but, personal 
preferences aside, its inclusion 
was never really in 
doubt.” 

In 1980, in the early 
hours of a late Oc- 
tober morning, in 


the circumnavigation of the 
earth. 7 

Julian Nott is one of them. 

“Of course, choice of equip- 
ment will be crucial for this trip 
too,’ he says. “But I'll be very 
surprised if the first watch to 
go around the world by balloon 
isnt a Rolex.’”’ He smiles. 
“Even if it’s not mine.” 


Nott’s 1974 record by 
more than 6,000 feet. 

But Julian Nott re- 
fused to accept defeat. 

Working with a 
team of dedicated ex- 
perts, he spent 13 
months meticulously 
planning to regain the 
record. 


Denver, Julian Nott 
and his hot air bal- 
loon Innovation be- 
gan the record-break- 
ing attempt. 

Using his Rolex 
Oyster to enable him 
to always match the 
computer-designated 
optimum rate of climb, 
he rose to a height of 
55,134 feet. A new 
world record. 

The world’s top bal- W 
loonists are now turn- 
ing their attentions to 
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If he was to suc- 1972 


Julian Nott 


ceed, he would have to 36.000 feet 


pilot his balloon into 
the top ten percent of 
the atmosphere. A 
barometric desert 
where freezing tem- 
peratures, lack of oxy- 
gen and virtually non- 
existent alr pressure 
pose a constant threat 
to both man and machine. 
Every piece of equipment for 
the ascent was chosen with 
agonizing attention to detail. 
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The record since 1972. 


The Rolex GMT-Master Oyster Chronometer. Available in I8kt. gold, stainless steel 
or steel and gold combination. All with matching bracelets. 


Write for brochure. Rolex Watch, U.S.A., Inc., Dept. 193, Rolex Building, 665 Fifth Avenue, New York, N.Y. 10022-5383. 
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The exquisite lines of the brand new Volvo 
700 GLE are bound to raise the eyebrows of 
efosa tae) (sscrela-me) ms elaremelelceypntele)l(o-w-l | me)Waa eats 
world. However, we fully appreciate that it 
takes more than exterior style to satisfy the 
complex demands of todays increasingly 
sophisticated car buyers. 

And youll find that the Volvo 760 GLE does 
offer quite a bit more. 














Difticult as they may be to define, the proper™ 
ties that characterize a truly great car may b& 
combined in such a manner that the end resul 
must be said to have what is really a personaj 
lity of its own. Granted, it is not an everydayg 
occurrence. But when it happens, itis un- 
mistakable. We proudly present the Volvo 74 
GLE as a case in point. 


Admittedly, it does represent a contrast to 
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nade fascinating 


me of the main trends in today’s mass 
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this: it is already complete, and has no 
Achilles’ heel.” 

Somehow—and I think understand- 
ably—Lucas was under the impression 
that human beings are endowed with 
powers equivalent to those of a self- 
watcher of infinite depth, someone who 
will detect and terminate any and all 
patterned behavior: the ultimate in anti- 
sphexishness. I call this hypothetical 
ability “breaking out of loops every- 
where,” or BOOLE for short (in honor 
of George Boole, who wrote The Laws 
of Thought, one of the most influential 
books of the 19th century). 

Lucas seems to think that to be human 
is to be endowed with this BOOLE abili- 
ty—this total and perfect antisphexish- 
ness—intrinsically. On reflection, how- 
ever, one realizes that this cannot be the 
case. In spite of not being Sphex wasps 
or Airedales, we are all still vulnerable 
to getting caught in ruts, as I attempt- 
ed to point out in the dozen-item list 
above. None of us is immune to it. Each 
of us—even the Mozarts among us— 
exhibits a “cognitive style” that in es- 
sence defines the ruts in which we are 
permanently caught. 


F2 from being a tragic flaw, this is 
what makes us interesting to one an- 
other. If we limit ourselves to thinking 
about music, for instance, each compos- 
er exhibits a “cognitive style” in that do- 
main—a musical style. Do we take it 
as a sign of weakness that Mozart did 
not have the power to break out of his 
“Mozart rut” and anticipate the patterns 
of Chopin? And is it because Chopin 
lacked spark that he could not see his 
way to inventing the subtle harmonics 
of Maurice Ravel? 

On the contrary. We celebrate indi- 
vidual styles, rather than seeing them 
negatively, as proofs of inner limits. 
What in fact is curious is that those peo- 
ple who are able to put on or take off 
styles in the manner of a chameleon 
seem to have no style of their own and 
are simply saloon performers, amusing 
imitators. We accord greatness to those 
people whose “limitations,” if that is 
how you want to look at it, are the most 
apparent, the most blatant. If you are 
familiar with the style of Ravel, you can 
recognize his music any time. He is pow- 
erful because he is so recognizable, be- 
cause he is trapped in that inimitable 
Ravel rut. Even if Mozart had jumped 
that far out of his Mozart system, he 
still would have been trapped inside 
the Ravel system. 

The point is that Mozart, and you and 
I, are all highly antisphexish but not 
perfectly so, and it is at the fuzzy bound- 
ary where we can no longer quite main- 
tain the self-watching to a high degree 
of reliability that our own individual 
styles, characters, begin to emerge to 
the world. 

Although Lucas has been roundly 
criticized (I believe rightly) by many 
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philosophers, logicians and computer 
scientists for failing to see many impor- 
tant subtleties of the Gédel argument on 
which he bases his paper, most of his 
critics have failed to see the crucial as- 
pect of mind that Lucas was one of the 
first to point out. He correctly observes 
that the degree of nonmechanicalness 
one perceives in a conscious being is di- 
rectly related to its ability to self-watch 
in ever more exquisite ways. Unfortu- 
nately too many artificial-intelligence 
people are ready to put down the Lucas 
article on the grounds that its central 
thesis—the impossibility of mechanizing 
mind—is wrong. What they miss is that 
it is pointing at deep issues having much 
to do with the very core of intelligence 
and creativity. The logician Emil Post 
wrote ‘““The creative germ seems not to 
be capable of being purely presented 
but can be stated as consisting in con- 
structing ever higher types. These are 
as transfinite ordinals, and the crea- 
tive process consists in continually tran- 
scending them by seeing previously un- 
seen laws that give a sequence of such 
numbers.” 

I stressed above the importance of the 
organization of memory and the press- 
ing need to come at the question of what 
a concept is. Critical to the way our 
memory is organized is our automatic 
mode of storing and retrieving items, 
our knowledge of when we know and 
do not know, of how we know or why 
we do not know. Such aspects of ‘“‘meta- 
knowledge” are fluidly integrated into 
the way our concepts are meshed. They 
are not some kind of “extra layer” add- 
ed on top by a second-generation pro- 
grammer who decided that metaknowl- 
edge is a good thing, over and above 
knowledge! No, metaknowledge and 
knowledge are simmering together in a 
single stew, totally fused and flavoring 
each other richly. That makes self- 
watching an automatic consequence of 
how memory is structured. How is this 
wondrous stew of antisphexishness real- 
ized in the human brain? 

And how can we create a program 
that, like a human brain, is all “of a 
piece,” a program that is not simply a 
stack of ever higher ‘“‘other-watchers”’ 
but is a genuine self-watcher, where all 
levels are collapsed into one? If we want 
to have a program that breaks out of the 
sphexish mold all programs seem to be 
in today, we have to figure out how a 
flexible perception program might ex- 
ploit its own flexibility to look at itself. 
Of course, no such program will be writ- 
ten as I just stated. That is, it will not 
come into being in the following way: 

Step 1. We write a flexible perception 
program. 

Step 2. We turn that program back on 
itself as a self-watcher. 

Rather, in order to achieve the results 
desired in Step 1 we must have incorpo- 
rated the goals of Step 2 into the design 
from the start. In other words, the two 


goals are intertwined, more in the fol- 
lowing sense: 

Goal 1. Flexible perception. 

Goal 2. Self-watching. 

There is no chronological priority 
here, because the two goals are too inter- 
twined for the one to precede the other. 
It is a tricky foldback, more elaborate 
than the one involved in the halting 
problem, yet in spirit related to it. 


t is interesting that Lucas’ article was 
based on Géddel’s theorem, whose 
proof depends on making one of these 
seemingly impossible (or at least high- 
ly counterintuitive) foldbacks. In that 
proof a mathematical system of reason- 
ing folds back on itself and subsumes 
itself as an object of study. What is fasci- 
nating in the proof is how in such a sys- 
tem there is a kind of level-collapse that 
ensues from the ability of a system to see 
itself. Rather than there being towers of 
watchers, then towers of those towers 
and so on ad infinitum in the worst pos- 
sible kind of infinite regress, all those 
degrees and levels of self-perception are 
achieved at once by the fact that the sys- 
tem can mirror itself. Not that it mirrors 
itself in every aspect, mind you; that 
would entail contradiction. It does do 
so, however, at all levels of complexity. 
The apparently distinct levels of 
watcher and watched are totally fused in 
the Gédel construction, exactly as Lu- 
cas would have them fusing in the minds 
of all conscious beings. The only thing 
Lucas failed to understand is that the 
ability to fold around and see oneself in 
the wonderfully circular G6delian way 
does not—indeed cannot—bring with it 
total antisphexishness. That, fortunate- 
ly or unfortunately, depending on your 
point of view, is a chimera. 

Back in 1952 the philosopher and 
composer John Myhill wrote a lyrical 
article titled “Some Philosophical Im- 
plications of Mathematical Logic: Three 
Classes of Ideas” (The Review of Meta- 
physics, Vol. 6, No. 2, pages 165-198; 
December, 1952). The three classes 
are borrowed from mathematical logic, 
and Myhill’s names for them are the 
“effective,” the “constructive” and the 
“prospective.” In logic they are known 
more technically as the “recursive,” the 
“renotrec” (short for “recursively enu- 
merable but not recursive’) and the 
“productive.” Their essence is described 
as follows. 

A category is “effective” provided 
there is a way, given a candidate for 
membership in the category, of deciding 
without any doubt whether or not that 
object is a member. Is Ronald Rea- 
gan Chinese? Is the Pope Catholic? Al- 
though the two questions are easy to an- 
swer and would seem to imply that be- 
ing Chinese and being Catholic are ex- 
amples of the effective, they are slightly 
misleading. Was Bruce Lee Chinese? Is 
an excommunicated bishop Catholic? 
Examples such as these show that the 


9 


“I never gamble at the table 





What 1f you chose 
as an internationa 





oj 


HP’s worldwide software 
and support services. 





a 


HP provides local support from 48 
countries worldwide, by highly 
qualified computer professionals 
who speak your language. And we 
make sure our local support efforts 
are carefully coordinated for multi- 
national companies. 


Because HP’s support services are 
clearly specified and separately 
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need, rather than paying for un- 
necessary services under a 
blanket program. 


Since we ourselves are experienced 
users of computers in our own mul- 
tinational operations, we combine 
in-depth applications experience 
with innovative hardware and soft- 
ware design. For example, Materials 
Management/3000 (MM/3000) is 

our standard applications software 
product to help manufacturers man- 
age materials planning and control 
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pharmaceuticals manufacturer, us 
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HP 3000 computers in the U.K. Si 
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growing activities in the U.S.A. A 
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Peter Dobson, the group’s EDP 
Adviser, says, ‘The HP 3000's 
powerful data base management 
software was a decisive factor in 
choosing the HP system. Another 
was its high-level language which 


accelerated its acceptance by non- 
EDP staff. 


“The HP 3000 network gives us 
compatibility among all our oper- 
ating companies, adapts well to 
a wide range of applications, and 
increases our data processing 
productivity tremendously.” 
tee = 
owe mm 








functions. MM/3000 software is 
available in 11 languages, including 
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“At Moulinex, a network 
of HP computers gives 
us precise production 
control inour 12 factories.” 


Moulinex is a leading French manu- 
facturer of small household appli- 
ances. “Our rapid growth and great 
variety of products make coordinat- 
ing 12 factories a real challenge,” 
say Camille Hébert, Manager of 
Production Control at Saint Lo. 


“We chose Hewlett-Packard because 
of its industrial experience and 

the large number of HP systems in- 
stalled throughout the world. Today, 
Moulinex owns a distributed system 
network of 14 HP 3000 computers, 
150 terminals, and 120 printers. Any 
production unit can question any 
other and get real-time information 
immediately without the help of 
computer specialists. 


“We find this fast availability of in- 
formation indispensable for decision 
making related to inventory, costs, 
and personnel.” 
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categories are not genuinely effective 
categories, but then nothing in the real 
world is as clean as it is in logic. I could 
have asked, “Is 29 prime?” but I wanted 
to show how these notions extend be- 
yond the mathematical realm. In natu- 
ral languages grammaticality (syntactic 
well-formedness) is a rather fuzzy prop- 
erty, but in an idealized language or for- 
mal system it would be a perfect exam- 
ple of an effective property. 

We pass on to the “constructive.” A 
property that is constructive is more elu- 
sive than one that is effective. The idea 
here is that there is some means whereby 
members of the category can be churned 
out one by one, and so you will eventu- 
ally see any particular member if you 
wait long enough. At the same time 
there is no means for doing the com- 
plementary operation, namely churning 
out non-members one by one. Unfortu- 
nately, although this kind of set in math- 
ematics is an extremely important one, 
easily definable examples of it are rather 
hard to come by. The set of all theorems 
in any formal axiomatic system is al- 
ways recursively enumerable, but often 
its complement is too, which turns the 
set into an effective one rather than a 
constructive one. You have to be deal- 
ing with a formal system whose non- 
theorems are not themselves produc- 
ible by some complementary formal 
system. Only then do you have a reno- 
trec, or constructive, set. The set of the- 
orems of any formalized version of 
number theory turns out (by Gédel’s 
theorem) to have this property. 


W/ e finally come to the “prospec- 
tive,” also known as the “produc- 


tive.” Myhill’s characterization of it is: 
“A prospective character is one which 
we cannot either recognize or create by 
a series of reasoned but in general un- 
predictable acts.” Thus it is neither ef- 
fective nor constructive. It eludes pro- 
duction by any finite set of rules. Never- 
theless (and this is important), it can be 
approximated to a higher and higher de- 
gree of accuracy by a series of bigger 
and better sets of generative rules. Such 
rules tell you (or a machine) how to 
churn out members of this “prospec- 
tive” category. In mathematical logic, 
work by Alfred Tarski and Gédel estab- 
lishes that truth has this open-ended, 


- prospective character. This means that 


you can produce all kinds of examples 
of truth—unlimitedly many—but that 
no set of rules is ever sufficient to char- 
acterize them all. The prospective char- 
acter eludes capture in any finite net. 
As Myhill’s prime example outside of 
mathematical logic of this quality he 
suggests beauty. As he puts it: “Not only 
can we not guarantee to recognize it 
[beauty] when we encounter it, but also 
there exists no formula or attitude, such 
as that in which the romantics believed, 
which can be counted upon, even in a 
hypothetical infinitely protracted life- 


time, to create all the beauty that there 
is.” Hence beauty admits of a succes- 
sion of ever better approximations but 
is never fully attainable. Beauty and ir- 
rationality are often linked. Is it coinci- 
dental that the first example of such a 
notion of something approximatable 
but never attainable in a finite process 
is called an “irrational”? number? 
Myhill is bold enough to speculate as 
follows: “The analogue of Gédel’s theo- 
rem for aesthetics would therefore be: 
there is no school of art which permits 
the production of all beauty and ex- 


- cludes the production of all ugliness.” 


To each coin there are two sides, and the 
reverse of beauty is ugliness. By an iron- 
ic coincidence the set complementary 
to a productive (or prospective) set is 
called, in the jargon of mathematical 
logic, ‘“‘creative.” It must be admitted 
that it would take a stupendously bril- 
liant, if perverse, kind of creativity to 
produce all possible ugly objects. 

If we see the aim of art as being the 
production of all possible objects of 
beauty (which is doubtless an oversim- 
plification, but let us adopt it nonethe- 
less), then each artist contributes objects 
in a particular style. That style is a prod- 
uct of the artist’s heredity and forma- 
tion, and it becomes a hallmark. To the 
extent that he has an individual style 
any artist is sphexish: trapped within in- 
visible, intangible boundaries of mental 
space. That is nothing to lament. Artists 
in groups form movements or schools or 
periods, and what limits one artist need 
not limit another. Therefore by the fact 
that its boundaries are wider a school 
is less sphexish—more conscious—than 
any of its members. 

But even the collective movement of a 
school of art has its limits, shows its fini- 
tude, after a period of time. It starts to 
wind down, to lose fertility, to stagnate. 
A new school begins to form. What no 
individual can make out clearly is per- 
haps seen collectively, on the level of a 
society. Thus art progresses toward an 
ever wider vision of beauty—a “pro- 
spective” vision of beauty—by a series 
of repeated diagonalizations, that is, 
processes of recognizing ruts and break- 
ing out of ruts. As I like to put it, this is 
the process of “jootsing”’ (jumping out 
of the system) to ever wider worlds. This 
endless jootsing is a process any single 
step of whichcan be formalized but whose 
totality (so says Gédel) cannot be for- 
malized, either in a computer or in any 
finite brain or set of brains. Hence one 
need not fear that the mechanization of 
creativity, if ever it comes about, will 
mark the end of art. Quite the contrary: 
it is a day to look forward to, because 
on that day our eyes will open (as will 
those of computers, to be sure) onto en- 
tire new worlds of beauty. It will be a 
happy day when hand in hand with our 
new computer friends we take an un- 
analyzable leap out of the system and 
go get some more punch. 
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Nuclear illusions, the quantum code 


of nature, inexhaustible Darwinism 


by Philip Morrison 


UCLEAR ILLUSION AND REALITY, 
| \ by Solly Zuckerman. The Vi- 
king Press ($10.95). Henry Kis- 
singer and Basil Liddell Hart had pub- 
lished their cogent theories. Then came, 
relates the author of this taut and candid 
little book, “‘a series of more empirical 
studies which, as Chief Scientific Advis- 
er to the British Minister of Defence, I 
had set in hand early in 1960.” He re- 
ported to the NATO commanders one 
summer 20 years ago and published lat- 
er, to the tune of opposition challenge 
in the House of Commons. His paper 
seemed heresy, although it simply sum- 
marized the outcome of a series of war 
games played out on the map of the cen- 
tral German front where NATO forces 
face those of the Warsaw Pact. It gives 
us an authentic, if delayed, look at the 
work of the military planners. 

The rule is clear: both forces deploy 
in anticipation of battlefield nuclear at- 
tack. They spread thinly, one “minor 
unit”—100 men or so, an infantry com- 
pany, a tank squadron, a battery of ar- 
tillery—spaced far enough from _ the 
next for a nuclear weapon of 15 or 20 
kilotons’ yield to be needed against 
each. Experienced divisional command- 
ers called the shots. The advancing “‘Rus- 
sian” units were dispersed to about that 
degree; the entrenched defenders relied 
on larger yields, one or two bombs per 
unit. In one game a British army corps 
could hold its front along the river We- 
ser by firing 130 nuclear weapons but 
could not hold it by firing only 60. In 
that example, however, the Russians 
were assumed not to have resorted to 
their own tactical nukes. 

Another game saw three NATO corps 
engaged, with nuclear weapons fired 
only against military targets in an area 
where there were no large towns or cit- 
ies. That paper battle lasted a few days. 
The two sides exchanged between 500 
and 1,000 nuclear strikes. With airbursts 
a couple of million died, more than 90 
percent of them civilians; with ground 
bursts another several million citizens 
suffered serious harm from radiation. 
That neutron bombs could make any 
difference, writes the author, is “a total 
illusion.”” Most of the generals received 
these conclusions rather poorly; they 
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were ‘“‘jammed’ in most military minds 
by a barrier of accepted doctrine.” The 
American general Earle Wheeler, then 
NATO commander-in-chief, seemed to 
have heard; Field Marshal Montgom- 
ery, audacious by temperament, had a 
simpler view: “I'll strike first and seek 
permission afterwards.” Only conven- 
tional forces can hope militarily to de- 
fend Western Europe. 

Solly Zuckerman is a senior certified 
expert. He first turned his attention to 
war from zoology when he undertook 
searching studies on the epidemiology 
of blast and shell-fragment injuries in 
1942, as one of the most cogent of back- 
room analysts. This book, not without 
its facts of life and death, is chiefly a 
tight and historically supported insider’s 
analysis of nuclear-weapons doctrine 
and forecast over two decades. 

What of strategic war? Perhaps the 
new accuracy and the new doctrines of 
war-fighting make a difference there? 
The U.S. seeks only military targets for 
its MIRVed warheads, even in retalia- 
tion. Our plans in 1979, however, called 
for no fewer than 60 warheads on Mos- 
cow, all marked for military targets ex- 
clusively in that capital city. Muscovites 
are very likely to overlook the subtle 
courtesies of our Single Integrated Op- 
erational Plan when damage circles so 
grossly overlap around them, even if 
they have found subway shelter. 

The U.K. has prepared at heavy ex- 
pense (and with much doctrinal incon- 
sistency) an “independent” underseas 
nuclear force. It now plans an increase, 
to mount MIRVed Tridents, the new 
U.S. SLBM’s. But the nuclear forces of 
the U.K. or of France are already big 
enough to deter, Lord Zuckerman ar- 
gues, even though they are 50 to 100 
times smaller than those of the rac- 
ing superpowers. Zuckerman, conced- 
ing the weighty moral objections, is still 
for a cautious policy of minimal stra- 
tegic nuclear deterrence. These weap- 
ons, he sees, are “too dangerous to use 
in war;... while nuclear weapon states 
might be deterred from turning their nu- 
clear arsenals on each other, the exis- 
tence of nuclear weapons can neither 
prevent war nor defend in war.” The 
plausible scale of such a deterrent force 


is suggested by the four submarines of 
the U.K.: the cut from current levels is 
not by a third but fiftyfold. 

Zuckerman seems to blame the ex- 
perts for much of the trouble. It is re- 
markable to read how the British weap- 
ons laboratories preempted decision 
both with respect to a quite unneeded 
decoy-and-evasion program (costing a 
billion pounds) for their Polaris missiles 
and to the planned deployment of Tri- 
dent by the Royal Navy. In both cases 
designs and tests were under way before 
the ministers heard the news. Yet con- 
sent followed under each government; 
the “politicians have to run hard to 
catch up with the scientists.”” One excep- 
tional leader is celebrated: Harold Mac- 
millan, the prime minister whom the au- 
thor once served. He had set his mind on 
a comprehensive test ban. “I told [Eisen- 
hower] that we ought to take risks for so 
great a prize. We might be blessed by 
future ages as saviors of mankind, or we 
might be cursed like the man who made 
il gran rifiuto.” The literary Mr. Mac- 
millan here alluded to Dante’s descrip- 
tion of the refusal (abdication) of Pope 
Celestine V. 

The Partial Test Ban ensued, a valu- 
able environmental treaty but not what 
Macmillan wanted and no impediment 
to the R&D game. It all happened again 
in the late 1970’s. We got no compre- 
hensive test ban in part because the ex- 
perts found many objections; they al- 
ways can, and their leaders apparently 
fear to take risky action. The absurdi- 
ties are manifest; neither Edward Teller 
in the 1960’s nor Harold Agnew in the 
late 1970’s can claim in hindsight much 
more than posturing for their concerns. 
“The nuclear balance had not been af- 
fected in any way by refinements in war- 
head design.” 

Not reason but rationalization rules 
nuclear doctrine, today even more than 
20 years ago. The 1980’s are time for a 
new effort, a reviewer infers, if we are 
to avoid the grim glowing catastrophe. 
That campaign must be—as it is—in the 
press and on the screen, in the streets 
and at every front door, in the lobbies 
and indispensably at the ballot box. // 
gran rifiuto is now the public’s. 


HE COSMIC CODE: QUANTUM PHys- 

ICS AS THE LANGUAGE OF NATURE, 
by Heinz R. Pagels. Simon and Schus- 
ter ($16.95). It has been about 50 years 
since the golden decade that gave birth 
to quantum mechanics culminated in 
the formulation of the quantum theory 
of fields. The author of this sparkling 
account of what has come of it all is no 
veteran of the old days, still wrestling 
with meaning; he was not yet born when 
Heisenberg, Pauli, Jordan and the rest 
were able to merge classical force fields 
with quantum particles into one entity 
obedient to relativity. Rather he is one 
of the young participants in quantum 


theory’s modern triumphs, and he flies 
its banner with the élan born of recent 
victory. “The essential reality is a set of 
fields,” whose interactions, ordered by a 
hierarchy of symmetries, determine by 
the rules of quantum probability all the 
particulate events the experimenters de- 
tect. There isn’t anything else. That cen- 
tral dogma rules now, although light- 
ly, because these physicists are first of 
all creative pragmatists, willing to sub- 
merge their most cherished preconcep- 
tions when something new works well 
and yet does not destroy long-won po- 
sitions. 

The book has two parts and a brief 


coda. The first part is an exposition of 


what quantum physics means, loosely 
set in the context of the history of phys- 
ics from Einstein to Heisenberg and 
Bohr. Those strange demands of quan- 
tum physics on its students—its dualism, 
its noisy uncertainties, its frank para- 
doxes, all the “quantum weirdness”— 
are here entered through the door of 
randomness, a familiar concept that 
nonetheless holds the very pitfalls for 
which quantum theory so often takes 
the blame. Not for nothing does Profes- 
sor Pagels refer to code; indeed, the best 
practical codecraft of today is only an 
applied antinomy of randomness. The 
ciphered text is a string of random num- 


bers, able to pass every sampling test of 


randomness. Yet it is trivially decoded, 
given an equally long key. It is made, 
say, by adding to the string of numbers 
that spell out the plaintext a long key 
string of random digits one by one. That 
sum is as random as the key and none- 
theless as meaningful as the plaintext. 
Its information lies neither in the key 
nor in the cipher but in their cross cor- 
relation. 

Is 314159 random? It is too easy to 
guess. But what about 203048? Taken 
from a much later and less familiar seg- 
ment of pi, its meaning would be very 
hard to find. Pagels carefully extends 
this simple and striking idea into a per- 
suasive rebuttal of the deep critique of 
quantum mechanics that stemmed from 
the 1935 objections of Einstein. Quan- 
tum particles, once they are correlated 
by interaction, may retain their correla- 
tions after long separation. This holds 
true even when an experimental choice 
remains open at a given location long 
after one of the particles has passed by. 
Even granting that the distant record 
changes suddenly with the local choice, 
nothing is gained or lost; only the corre- 
lations of two random sequences are af- 
fected. That knowledge is real, but it is 
intrinsically nonlocal; it resides jointly 
in the cipher and the key. 

This part of the book closes with a 
dream sequence based on the alternative 
realities that quantum physics appears 
to support. Neither a new quantum logic 
nor a local reality nor a simple objectivi- 
ty, all touted in the philosophical mar- 


ketplace, wins our author. He is drawn 
to the old man with a pipe and a Danish 
accent who watches the bustle from 
a little distance. His “presence projects 
both warmth and confidence.” For that 
man reality is none of the easy wares on 
sale; quantum reality is not to be fit- 
ted into any of the classical boxes of 
the philosophers. The competing real- 
ity shops belong to brothers; the two 
views are at base complementary. Noth- 
ing is ultimately hidden from us, yet no 
quantum weirdness enters the world of 
large atomic samples where we per- 
force dwell. We can occupy only one 
room at a time in the house of reality. 
The entire episode reminds a reader of 
the concurring dream recounted in an- 
other fine popular discussion of quan- 
tum reality by J. M. Jauch, reviewed 
here a few years ago. 

The second part of the book begins 
with the manifest quantum result that 


the decisive matter microscopes of our 


times, the big accelerators, are not the 
devices of minute size one might expect 
on the basis of classical physics. Obe- 
dient to the quantum relations, they are 
huge tubes and magnets fit to guide 
the high-energy particles that alone can 
have wavelengths short enough to probe 
the microcosm. Pagels then takes us on 
a voyage into matter, from atoms to 
quarks to field theory to novel sym- 
metry. Here too he manages a tour de 
force of explication without mathemat- 
ics, sketching at some honest level even 
such difficult ideas as gauge theories 
and renormalization. 

Attend in particular to the vacuum. 
There randomness means nothing at all 
on the average, yet it demands fluctu- 
ations that have tested consequences: 
transient distributions of positive and 
negative charge, forces of attraction be- 
tween smooth metal plates very close 
together, even the dominant sources of 
energy, it may be, of the entire early 
universe. The old ether was banished by 
Einstein; surely it is back, surprisingly 
relativistic, when even Professor Pagels, 
nothing if not the modern, suggests that 
empty space can be viewed as the seat 
of a number of super-3-D mattresses 
of “tiny invisible springs.”” Once upon a 
time, quite particle-free, they may have 
been all that was made. 

A critic finds a little to argue with here 
and there, in the treatment of identity, or 
around thermodynamics and exchange 
forces, or the omission of some helpful 
experiments, such as the experiment of 
the forces between metal plates ana- 
lyzed by H. B. G. Casimir. The book is 
nonetheless a reliable guide for the non- 
mathematical reader across the highest 
ridges of physical theory. Pagels is un- 
failingly lighthearted and confident; if 
he does not allow quite enough chance 
to look down or to try other paths, it is 
all the better for safe climbing. Mat- 
thew Zimet’s good-humored and per- 


sonal drawings lighten the climber’s 
load. Good mountaineering is always 
exhilarating but a little brash. 


ARWIN TO DNA, MOLECULES To HU- 

MANITY, by G. Ledyard Stebbins. 
W. H. Freeman and Company ($28.95). 
Sow and resow your field with a mix- 
ture of varieties of a single crop year af- 
ter year. Markedly inferior strains, little 
suited to the circumstances, quickly dis- 
appear. Yet other inferior varieties, per- 
haps at not so much disadvantage, per- 
sist indefinitely. Even a well-tilled flat 
field is not uniform in detail; it holds 
many microenvironments, in some few 
of which the less-regarded seed found 
itself adaptively at home. The pool of 
genes remains diverse, even under such 
strong selection. Such a subtle process 
is far from that sentimental and ten- 
dentious old vision of reddened tooth 
and claw. 

Or take it that some major trait, say 
size, is controlled by many genes. Each 
individual of a long-surviving popu- 
lation may hold about as many genes 
that code for increased size as those that 
code for decreased size. Natural selec- 
tion has led in such a case not to evolu- 
tion but to balanced variation. Around 
the normal forms all the familiar proc- 
esses of genetic shuffling, mutation and 
survival add the noise inescapable in 
such chancy events. Plainly a new en- 
vironment would shift the population 
to quite new forms, even without mo- 
lecular replacement. The most rapid 
episodes of change in the fossil rec- 
ord move slowly by the generational 
clock. In general it is not mutation that 
drives evolution; rather mutation is to 
be counted on for some of the neces- 
sary noise. 

The changes that so strongly mark the 
current of life are the result of pro- 
longed interaction between the pool 
of genes, steadily stirred by a variety of 
processes, and the flowing environment, 
which of course includes other living 
forms, whose coevolving nature is often 
decisive. Novelty can arise when some 
novel challenge enters the stream, out of 
all the diversity of the natural world; yet 
the new arises only as it is constrained 
by the legacy of the old, those inner var- 
lations latent in the long-edited tapes 
of heredity. It was J. B. S. Haldane who 
explained that the human species would 
“never produce a race of angels; genes 
for wings and for moral character are 
not present in human populations.” 
That we human beings nonetheless do 
fly in great numbers is also under in- 
quiry in this engaging book. 

Professor Stebbins is a senior evolu- 
tionist who has taken unusual pains to 
prepare a popular survey of today’s syn- 
thetic theory of evolution. He not only 
brings to bear his long research experi- 
ence and his evident flair for reflective 
generalization; he also updates the state 
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of the science by explicit accounts of 
recent advances and evenhanded sum- 
maries of issues in the current literature. 
We of course still fall short of a consen- 
sus in full understanding. The somewhat 
awkward title implies the ambitious 
goals of the well-illustrated volume. Its 
three major parts treat first the process 
of evolution itself, then the major events 
of the long evolutionary path from the 
rise of bacterial forms through bio- 
chemical versatility to the occupation 
of the land by life and the coming of 
the primates, and finally the biological 
and unique cultural evolution of our 
own species. The last two chapters take 
an evolutionist’s look at human history 
and a modestly hopeful glance into our 
future. 

A general reader is sure to be caught 
in particular by Stebbins’ expert discus- 
sions of plants, the other big multicellu- 
lar kingdom. That the big trees are old 
individuals is a commonplace. In fact, 
sod-forming plants, such as the buffalo 
grass of the dry prairie, may be still 
older, with some clumps perhaps still 
creeping along from a time of seeding 
after the glacial ice first thawed. Some 
plants have no need to die at all; only 
disease or changing climate may bring 
their end. It is not absurd, although it is 
speculative, to think of individual sod 
plants somewhere in the Tropics as be- 
ing now millions of years old. 

Death arises in animals out of re- 
quirements for size, mobility, symme- 
try, compactness. Animals grow from 
an embryo that fully differentiates. The 
sedentary plant is more irregular over- 
all, growing more and more leaf surface 
as it ages. Embryonic tissue remains at 
the stem tips, in the oldest and larg- 
est plants still able to differentiate. The 
complexity of plants reaches its highest 
point in the reproductive parts, say in 
the orchid. This complexity, however, is 
far less than that of the ingesting and 
perceptive head of most animals. A sim- 
ple plant, for example a big green alga, 
may be complete after the differentia- 
tion of four or five distinct types of cells, 
including the sex cells. In mammals the 
fertilized egg must differentiate into 
some 250 types of cells. The first land 
plants seem to have arisen from an ex- 
tended layer of green single-celled soil 
microorganisms, some of which devel- 
oped into flat, tissuelike multicellular 
forms, never rising more than a few 
inches above the moist substratum. Tall 
stems came later; new structural inven- 
tions were needed. 

Evolution is a mosaic of rates and 
tendencies. Complex cells such as our 
own long ago incorporated tiny sym- 
bionts that retain their own heredity, 
subcontractors now indispensable for 
several functions. The proteins may 
evolve at one rate, visible structures at 
quite another. In chimpanzees and hu- 
man beings, lobsters and crabs, enzymes 
are much the same. The protein se- 
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quences of two frog species with much 
the same body plan may differ more 
than the sequences of human enzymes 
differ from those of the apes. We are not 
close to a molecular understanding of 
the control of development in multi- 
celled animals. 

These wide-ranging pages open a 
measured view of sociobiology and a 
sustained commentary on the relation 
between steady progression and a series 
of quantum changes in evolution and in 
culture. Readers will be grateful for the 
dryly reassuring remark that since hu- 
man beings resemble our commensals, 
rats and feral dogs and cats, in a stub- 
born resistance to adversity, we are 
likely to persist ‘as long as the earth’s 
environment is capable of supporting 
large animals.” 


OUGH’S ENCYCLOPEDIA OF AMERI- 
CAN Woops, by E. S. Harrar and F. 
W. White. Robert Speller & Sons, Pub- 
lishers, Inc., 30 East 23 Street, New 
York, N.Y. 10010 (16 volumes of ring- 
bound wood samples, $50; text vol- 
umes 1-8, $25 each; text volumes 9-16 
in preparation). Franklin Hough, a phy- 
sician in Lowville, near Albany, N.Y., 
who laid the groundwork for the profes- 
sion of forestry in America, and his son 
Romeyn, an ingenious naturalist, be- 
came fascinated by accounts of a Ger- 
man collection of thin cross sections of 
various woods. In 1886 Romeyn Hough 
patented a clever machine for cutting 
similar samples and proceeded to make 
and sell decorative printed cards of pa- 
per faced with the thin sections. The 
firm prospered; it still exists and sells its 
Cards of Wood from Belmont, Mich. 
(49306), sectioning more than 100 spe- 
cies of wood on his original machines, 
with appropriate improvements. Ro- 
meyn Hough also devoted a lifetime 
to elaborating a synoptic Encyclopedia 
of American Woods with real samples 
species by species until his death in 
1924, when he had over the years issued 
piecemeal a dozen volumes. They 
were prized in their time (every normal 
school in the state of New York was 
issued a copy of the first volume by the 
authorities), but the scale and slowness 
of the work has meant that few com- 
plete sets are to be found. The research 
behind the books was not, however, in 
vain; Hough brought out several less 
ambitious compendiums that saw wide 
service. 

In the 1950’s the present publisher dis- 
covered enough stock of those remark- 
able old wood sections to prepare 1,000 
copies of the treatise. For such an ambi- 
tious work, however, the text was badly 
dated. Professor Harrar, late of Duke 
University, a wood scientist of distinc- 
tion, prepared a new text to support the 
wonderful samples of 385 American 
trees, including a couple of dozen of the 
most important introduced and natural- 
ized forms. His work extended over the 


eight volumes now in print, 200 species 
from Eastern white pine to Royal Pau- 
lownia, from date palm to Sitka spruce. 
Now a Duke colleague of his, Professor 
White, has undertaken to finish the re- 
maining text in the coming few years, 
almost 200 species more, including poi- 
son sumac and saguaro. 

Each species is represented by three 
neatly mounted sections, 10 centimeters 
by four, a tenth of a millimeter thick, 
easy to view from both sides. It is strik- 
ing to tilt transverse sections before the 
light; the collimated parallel tubes with- 
in the wood pass light freely only as long 
as they are not much inclined to the line 
of sight. Radial and tangential sections 
complete the display. Microscopic ex- 
amination is easy and rewarding. All the 
sections were taken by Hough from 
small rough timber samples he tirelessly 
sought out. He verified their identity 
with meticulous care in the herbarium 
and in the field. 

Each of the sample volumes offers 
about two dozen species, three sections 
to a page in a ring binder. The text for 
those species is presented in a slender 
bound companion book, half a dozen 
pages for each tree, many with a range 
map. Consider two trees of nearly 400, 
the Eastern white pine and the West In- 
dies mahogany. The first, its tall, straight 
examples marked out in the colonial 
forests with the king’s broad arrow, long 
furnished the Royal Navy with spars 
and masts, planking and decks. The larg- 
est conifer of the Eastern woodlands, it 
once spread from Maine to Minnesota, 
and south along the mountainsides to 
Georgia. From 1631 this 100-foot tree 
was the principal source of lumber in 
the hemisphere: house frames and shin- 
gles, fence rails and fence posts, heavy 
bridge timbers across the stream. The 
long harvest peaked in about 1890; then 
the species faded away with the fron- 
tier. Pine stands are found now on the 
abandoned upland farms reverting to 
forest, but the great forest is gone. The 
soft, light, easily worked wood holds 
screws and nails well; its last major use 
was in the making of boxes and crates 
while those were still common, its col- 
or and light weight fit for that purpose 
even when knotty second-growth ma- 
terial belied the memory of Lord Nel- 
son’s masts. 

As that pine is white, so is the mahog- 
any deeply dark. The tracheal openings 
stand out strikingly in section. This 
wood was found by Columbus himself; 
on his second voyage he admired a well- 
made canoe of the strange bronzy wood 
and shipped timbers back to Spain. Be- 
fore long the galleons of the Spanish 
Main had decks and hulls of mahogany; 
the Armada’s wrecks brought the wood 
near English shores. It was the prizes 
taken by English privateers that first 
supplied mahogany to Britain. From 
Philip II’s Escorial to the Georgian Lon- 
don craftsmen around Chippendale and 


Introducing the official camera 
of the 1982 U.S. Space Program. 


And 1981, ’80, ’75, ’74, ’73, 72, 
"71,70, ’69, ’68, ’66, ’65, ’63 and ’62. 





Ever since the very beginning of 
manned spaceflight, Hasselblad 
has been the camera of the U.S. 
Astronauts. 

All of the now-familiar views 
of the moon’s surface, and of the 
earth from deep space, have been 
brought to us through the ‘‘eyes”’ 
of Hasselblad cameras. 

Hasselblad was there on July 
20, 1969, when Astronaut Neil 


Armstrong stepped down from 





the ladder of the lunar module 
and became the first man in his- 
tory to set foot on the moon. He 
recorded that footprint with his 
Hasselblad camera. He also pho- 
tographed Astronaut Edwin 
Aldrin stepping down onto the 
lunar surface. After shooting 
hundreds of pictures, the Astro- 
nauts removed the film magazines 
and left their two Hasselblad 
cameras behind on the moon, 
where they remain to this day. 

Hasselblad cameras continued 
to document space aboard all 
subsequent manned spaceflights. 

In April of 1981, Hasselblad 
was in the hands of Astronauts 
John W. Young and Robert L. 
Crippin aboard the first Space 
Shuttle flight. 

Hasselblad ‘space cameras’’ are 
the same as Hasselblad ‘‘earth’’ 
cameras, because the qualities 
needed by NASA are the same 
qualities needed by any serious 
photographer anywhere. 


NASA needed the most reliable 
camera on earth. (Don’t You?) 

They needed razor-sharp 
optics, and ease of operation. (All 
Hasselblad cameras are equipped 
with superb Carl Zeiss lenses. 
And the motor driven Hasselblad 
EL/M can even be operated while 
wearing the bulky gloves of a 
spacesuit. ) 

They needed interchangeable 
film magazines, which could be 
pre-loaded and ready. 





Only one camera has served the 
needs of the U.S. Space Program 
from 1962 to the present. We 
can’t imagine higher praise than 
that. 





For more information on 
Hasselblad ‘‘earth’’ cameras, 
return the coupon to: ue 


Victor Hasselblad Aktiebolag, i oe 
Box 220, a 

S-401 23 Goteborg, Pa 

Sweden. ue 
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Edmund Scientific S.A. 
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January 1983 

availability of the 

most up-to-date information 

on the services and products 
influencing the Robotics industry. 


Whether your Robotics information demands 
have corporate or academic application, EIC’s vast 
resources in Robotics will serve your needs. 


As with all EIC databases, Robotics information will 
be available online and in journal format, and backed 
by full-text availability on microfiche for your quick 
reference and use 

The decade of support EIC has provided in the 
tields of Energy. Environment and Biotechnology 
now encompasses Robotics. 


Use EIC/Intelligence to your advantage. 


N.Y. State residents call collect: (212) 944-8500 
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Hepplewhite the finest cabinetry is ma- 
hogany. The trees grow sparsely, one or 
two per acre in rich virgin jungle. Once 
they were found in southern Florida, but 
the loggers’ greed has ended them there, 
at least in commercial sizes. Plantations 
are growing up for this stable, smooth- 
working and richly colored wood. The 
sections here are handsome, and we are 
told in the expert’s phrases that mahog- 
any’s stump wood and crotch wood, 
“when sliced on a stay-log, produce 
some of the most handsome figures 
known to the face veneer industry.” In- 
deed, the text is mostly quite technical, 
in particular in its botanical descriptions 
of the trees and in its accounts of the 
wood itself, both in gross appearance 
and in microscopic view. 

This ample encyclopedia is patently 
not for everyone, but it is a treasure of 
bookmaking, the legacy of a century 
of scholarly energy and devotion and a 
paradigm of technical documentation, 
reaching beyond symbol and icon to col- 
lect between its covers a representative 
sample of the natural world in all its 
unmatched variety. 


PICTORIAL GUIDE TO FossILs, by Ge- 

rard R. Case. Van Nostrand Rein- 
hold Company ($29.95). The giant skel- 
etons stand tall in the great museums, 
the articulated fruit of decades of expe- 
ditionary zeal and preparatory patience. 
Long cases hold innumerable labeled 
shells and imprints of strange marine 
forms; some of them draw for a mo- 
ment even the casual visitor. Many 
more fossils crowd the quiet rooms of 
the working collections. There the spe- 
cialists painstakingly sort and compare, 
measure and draw. These are the docu- 
ments of the fossil record, to be inter- 
preted, published, criticized, the basis 
of a science that is indispensable to our 
understanding. 

Paleontology must of course begin 
out of doors, peering and hammering, 
along the road cuts and stream beds in 
New Jersey or South Africa. Worldwide 
there has grown up a volunteer weekend 
army of amateur collectors of fossils. 
These men, women and children seek 
out, trade and prize the commoner doc- 
uments of past life in a simple vein, 
wide-eyed, covetous and hopeful. From 
that army of irregulars keen profession- 
als are often recruited, and sometimes a 
thoughtful amateur, far from vocation- 
al enlistment, finds and recognizes a ma- 
jor new page in nature’s narrative. The 
amateur is generally less specialized in 
interest, although more visual, less con- 
cerned both with hidden pattern and 
with the technical niceties. 

This volume of more than 1,300 pic- 
tures is the compilation by a collector 
for collectors but is eye-catching for any 
reader. Its sweep is broad: about 50 brief 
chapters, arranged by biological divi- 
sions from protozoa to rodents, present 
fossils worldwide over nearly all the 


major forms of past life. Some of those 
shown are microscopic but most are 
roughly the size of a hand. The wealth of 
the museums is not ignored, particularly 
for the larger forms. Most of the photo- 
graphs, many of which are striking, were 
made in private collections or in those 
of the international dealers in fossils 
who buy, hold and sell again the finds 
of the more persistent and fortunate 
amateur and semiprofessional searchers 
of the rocks. 

The result is comprehensive, although 
it emphasizes fossils that are accessible, 
much prized and immediately attrac- 
tive. This is net the place to conduct a 
careful examination of an evolving line, 
nor the place to learn much of the func- 
tion of some ancient organism. But if 
you would become familiar with a wide 
diversity of life forms, arranged in sim- 
ple ordering, this book has few alterna- 
tives. The author has been a collector 
for 20 years. He stands between the 
camps; he has published several previ- 
ous compilations and has worldwide 
contact with amateur and professional, 
the literature and the tales. 

What can you find here? It includes a 
gregarious group of big trilobites, a frog 
in amber, an entire glen of reeds and 
ferns, a school of a 100-odd little herring 
from the Wyoming Eocene, many ele- 
gant creatures in lithographic stone, a 
New Zealand ammonite from the Juras- 
sic resembling a six-foot tuba of rock 
and the strange tooth whorl of a Permi- 
an shark (or is it—tongue in cheek—a set 
of dorsal-fin spines?). Most of the space 
is given to the illustrations and care- 
ful captions, always including the scale. 
There are brief chapter summaries of 
the nature and importance of the class 
or order shown, many with remarks 
about collecting sites or notable finds. 
Tight-set lists of families or genera are 
frequent; they are nearly unreadable 
but will help a collector seeking an 
identity who wants to consult the vo- 
luminous taxonomic literature through 
these references. 

The horseshoe crab is seen over four 
pages of illustrations, from today’s 
crawler in Raritan Bay to one locked in 
the Devonian slate of Germany, little 
changed. There are quite a few museum 
restorations, in two dimensions and in 
three; one remarkable set presents a for- 
midable flightless bird of the Argentine 
Miocene, painted, modeled and in ac- 
tual skeleton. It is the generosity of 
the evidence that distinguishes this ap- 
proach; a collector believes and delights 
in the diversity of the past. Understand- 
ing can grow. Many museums and spe- 
cialists are acknowledged as the sources 
of pictorial matter and of information, 
and some 50 private collectors “were 
most helpful.” The provenance of every 
illustration can be identified with some 
effort; the photographers and artists 
are often the proud and fortunate col- 
lectors themselves. 
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The Mechanization of Work 


Introducing an issue on the continuing Industrial Revolution 


two centuries after it began. In the U.S. it has now displaced 


two-thirds of the labor force from the production of goods 


nology, a process that began in 

prehistory, is entering a new stage. 
The acceleration in the pace of techno- 
logical innovation inaugurated by the 
Industrial Revolution has until recently 
resulted mainly in the displacement of 
human muscle power from the tasks 
of production. The current revolution 
in computer technology is causing an 
equally momentous social change: the 
expansion of information gathering and 
information processing as computers 
extend the reach of the human brain. 
This issue of Scientific American is de- 
voted to the latest stage of the historic 
process that has led from the most ele- 
mentary force-transmitting machines to 
the most advanced information-han- 
dling ones. 

The transformation of the U.S. la- 
bor force in the country’s brief history 
tracks the progressive mechanization 
of work that attended the evolution of 
the agrarian republic into an industrial 
world power. In 1820 more than 70 per- 
cent of the labor force worked on the 
farm. By 1900 fewer than 40 percent 
were engaged in agriculture. Half a cen- 
tury ago, when the capitalist societies 
were sliding into the Great Depression, 
more than half of the U.S. labor force 
had shifted from the production of 
goods to the provision of services. It 
was then, as large-scale unemployment 
destabilized those societies, that nation- 
al policy began to look at employment 
as much from concern to ensure the 


Te easing of human labor by tech- 


by Eli Ginzberg 


consumption of goods as from concern 
to secure their production. 

Today employment in the services in 
the U.S. is approaching the same 70 per- 
cent that were bound to the soil a centu- 
ry and a half ago. Only 32 percent of the 
labor force are still engaged in the pro- 
duction of goods (mostly in manufac- 
turing), and a mere 3 percent are em- 
ployed in agriculture. 

Although this transformation has 
been brought about largely by mechani- 
zation, it has been accompanied by so- 
cial trends so pervasive that they must 
be included among the causes of the 
transformation as well as among its ef- 
fects. For example, although women 
had begun to enter the labor force from 
the beginning of the Industrial Revolu- 
tion, by 1980 they had come to make up 
43 percent of it [see ‘““The Mechaniza- 
tion of Women’s Work,” by Joan Wal- 
lach Scott, page 136]. The age of entry 
into the labor force has risen, reflecting 
the desire of Americans for more educa- 
tion and the higher level of training 
required by jobs in the increasingly so- 
phisticated economy as well as the re- 
lease of human labor from the tasks of 
production. In 1940 the median number 
of years of school completed by the 
younger members of the population was 
10.3; in 1980 it was 12.9. 

A disquieting feature of these dynam- 
ic internal shifts in the labor force has 
been the persistence of high levels of 
unemployment among its less educated 
members. Such unemployment raises 


WORKERS AT A STEEL MILL in Pittsburgh were recorded by the noted documentary pho- 
tographer and social reformer Lewis W. Hine in about 1910. Hine’s revealing images of the ad- 
verse conditions of industrial labor in the early decades of this century were instrumental in 
the enactment of laws governing occupational safety and the employment of children. Much 
of the work being done by human muscle in this scene is now done by machine. The photo- 
graph, which is from the archives of the National Child Labor Committee, is now part of the 
Edward L. Bafford Photography Collection of the University of Maryland Baltimore County. 


the question of how any society can 
function effectively over the long run 
without bringing all its adult members 
into its economic life, able not only to 
work but also to buy [see ‘““The Distribu- 
tion of Work and Income,” by Wassily 
W. Leontief, page 152]. 

The five articles that follow take up 
the technologies of mechanization in 
five areas: agriculture, mining, design 
and manufacturing, commerce and of- 
fice work. This introductory article will 
of necessity deal with a limited number 
of themes: how the mechanization of 
work has been treated by economists, 
what its effect has been on the U.S. econ- 
omy over the past few decades and what 
its future effect is likely to be. Particular 
attention will be paid to the impact of 
mechanization on the shifting structure 
and character of the labor force and on 
the evolution of the work environment. 


dam Smith, in An Inquiry into the Na- 
ture and Causes of the Wealth of Na- 
tions, published in 1776, pointed to a ba- 
sic dilemma: efficiency in the generation 
of wealth is enhanced by the division 
of labor, and yet specialization that in- 
volves nothing more than routine, repet- 
itive tasks diminishes the worker by de- 
priving him of intellectual challenge and 
decision-making responsibility. Smith, 
preoccupied with issues of moral philos- 
ophy, expressed his concern that many 
workers, in a desperate effort to improve 
their economic circumstances, would 
drive themselves so hard that it would 
affect their health and even shorten their 
lives. Smith’s book was written before 
the commercial success of James Watt’s 
steam engine, and so Smith never had to 
confront the full force of modern indus- 
trialization. He nonetheless appreciated 
the close links between the work men do 
and the quality of their lives. 
David Ricardo, who began his study 
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of political economy after reading The 
Wealth of Nations in 1799, went on to 
establish the classical, or free-market, 
school of economics. In spite of his al- 
most exclusive emphasis on the com- 
petitive marketplace, he cautioned that 
increased reliance on mechanization 
might not turn out to be an unqualified 


blessing. He could see that under certain 
conditions workers displaced by ma- 
chines might not be able to get new jobs. 
What was good for the employer, he 
concluded, might be bad for the worker. 

Karl Marx devoted some of the most 
telling chapters in Das Kapital to de- 
scribing the adverse effects of mech- 
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anization on the minds and _ bodies 
of working men, women and children 
in mid-19th-century Britain. (Because 
women and children received lower 
wages they were then replacing men in 
many branches of industry, from coal 
mines to textile mills.) According to 
Marx, the combination of machines, 





MECHANICAL FLOUR MILL patented by Oliver Evans of Phila- 
delphia in 1790 has been described as the world’s first automatic fac- 
tory and the forerunner of the modern continuous production line. 
This schematic diagram is from The Young Mill-Wright and Miller’s 
Guide, published by Evans in 1795. The mill could be supplied with 
grain from either a boat or a wagon. In the latter case the wagoner 
dumped the grain into a spout (/), from which it flowed into a scale (2) 
for weighing before falling into a small garner, or granary (3). The 
grain was then led to a vertical bucket conveyor (4, 5), which raised it 
to the top floor. There a crane spout could deposit it in the main 
storage garner (6), from which it could be directed into a hanging 
garner (7) that in turn fed a millstone (8) for rubbing, or shelling, 
the grain before it was ground. The rubbed grain ran by a special 
channel (broken lines) back to the first garner, where the chaff was 
blown through a screen into an adjacent room (9). The grain was 
again elevated to the top floor, and the crane spout was turned this 
time over a pair of screen hoppers (/0, 11), which fed a rolling screen 
(12). From there the grain descended through a current of wind made 
by a fan (73). The clean, heavy grain fell through a funnel (/4) into a 
horizontal screw conveyor (/5, 16), which distributed it uniformly to 
the three hanging garners (7, 77, 18), maintaining a constant flow of 
grain to the millstones (8, 19, 20). The ground meal was moved by an- 
other screw conveyor (2/, 22) to a second bucket conveyor (23, 24), 
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which emptied it into a rotary structure called the hopper boy (25); 
this device in turn spread the meal to cool it, sweeping it gradually 
through holes in the floor into a room called the bolting chest, where 
it was sifted by a set of rotating cloth sleeves called bolting reels (26, 
27). The superfine flour collected in a packing chest (28) and was led 
out through a spout (29) to fill the barrels, which could then be load- 
ed on the boat (30). The coarsely ground material was removed by an- 
other screw conveyor (3/) to a garner (32), which also collected the 
light grain blown by the fan; the chaff was driven farther by the wind 
and fell into a separate chaff room (33). The coarse material was re- 
cycled by passing it through a gate (34) to the bottom of the first ele- 
vator. The grain supplied by boat could be unloaded from the hold 
by several methods: by an articulated screw conveyor (35, 36, 37), by 
a short bucket conveyor with a fixed upper pulley (38) or by a long ex- 
ternal elevator (39) leading to the top floor. The pulley of the external 
elevator was designed to rise and fall in a pair of curved slots (4/); 
the mechanism for hoisting the elevator clear of the boat (42, 43) is 
shown in another view (40). A screw conveyor on the top floor (44, 
45) moved the grain into the mill. Evans finished the first model of 
his mill in 1783, and two years later a full-scale operating version 
was built at Red Clay Creek near Wilmington, Del. He promoted 
his invention vigorously, maintaining that his improved milling ma- 
chinery “lessens the expense of attendance by at least one half.” 


private property and competition would 
soon result in the self-destruction of 
the capitalist system. The end would 
come, he said, when newer and more 
powerful machines would drive such a 
large proportion of the labor force out 
of work that producers would no long- 
er have enough consumers to buy the 
goods their machines were turning out. 
With the advantage of hindsight one 
can now see that Marx was better as a 
critic than as a prophet. He correctly 
perceived that the Industrial Revolution 
was harming millions of working peo- 
ple, but he did not allow for the substan- 
tial gains in well-being they and the gen- 
erations of workers after them would 
enjoy because of the increased produc- 
tivity resulting from mechanization. 

Thorstein Veblen made technology 
the basis for his own penetrating analy- 
sis of modern capitalism, from his first 
major work, The Theory of the Leisure 
Class, published in 1899, to his last, Ab- 
sentee Ownership and Business Enterprise 
in Recent Times, published in 1923. Veb- 
len consistently maintained that the way 
work is organized to suit the require- 
ments of machines determines how men 
think, act and dream. 

In general, however, most econo- 
mists—free-market, Marxist or other- 
wise—have failed to give technology its 
due. The classical theorists and their 
successors have built their systems and 
their reputations by explicating with 
ever greater subtlety how demand, sup- 
ply and price interact in competitive 
markets to establish or reestablish equi- 
librium. To pursue this static line of in- 
quiry they have had to ignore the in- 
fluence of such dynamic factors as 
changes in demography, technology and 
taste. Moreover, because they have a 
limited view of efficiency they search for 
the margin where it pays an employer to 
install machines to replace workers but 
seldom look into such factors as the 
quality of the workplace and the home, 
both of which have come increasingly 
under the influence of machines. 

The shortcomings in the economists’ 
approach to the mechanization of work 
can help to explain many of the errors in 
perception and action that have charac- 
terized the U.S. economy in the period 
since World War II. A better under- 
standing of the complex relations be- 
tween mechanization and the econom: 
ic process can be gained by reviewing 
some of the more important of these 
misperceptions and the inadequate poli- 
cies they have engendered. 


Bs 1947 the U.S. instituted the Mar- 
shall Plan. If the countries of West- 
ern Europe—both the victors and the 
vanquished—could agree to work to- 
gether, the U.S. promised to provide 
them with the capital needed to speed 
the rebuilding of their devastated econ- 


-omies. Within a few years the econo- 


mies of Western Europe had turned 
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HISTORIC DECLINE in the fraction of the U.S. labor force employed in agriculture reflects 
the high degree of mechanization achieved on the farm in the past century and a half. In re- 
cent years agriculture in the U.S. has actually become more mechanized than manufacturing. 


around and were growing rapidly. 

The success of the Marshall Plan had 
much to do with the inauguration of 
smaller-scale programs of economic as- 
sistance designed to accelerate the in- 
dustrialization of the less developed 
countries. They too became the bene- 
ficiaries of American capital exports. 
Here, however, the record of accom- 
plishment turned out to be much less 
impressive. Little of the so-called eco- 
nomic assistance went to economic de- 
velopment. Instead American capital 
exports often went in the form of arms 
and American dollars added to the per- 
sonal wealth of those in power. Only in 
retrospect has it been possible to un- 
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derstand the reasons for the difference 
in outcomes. In Europe the war had 
destroyed factories, power plants, rail- 
roads and other facilities, but the knowl- 
edge required to run an industrial econ- 
omy had remained intact. This knowl- 
edge, accumulated over a century or 
more, was drawn on to make good use 
of the new machines as soon as they 
were installed. In most of the Third 
World there was no such pool of expert- 
ence, and as a result many of the im- 
ported machines were installed only af- 
ter considerable delay; frequently they 
were operated far below capacity, and 
they were poorly maintained. 

A second example of failure to bring 
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GROSS DOMESTIC PRODUCT of the U.S. has continued to rise at an approximately con- 


stant rate, when measured on a per capita basis. Nevertheless, there is considerable concern 
about the recent sharp decline in productivity, measured as a function of units of labor input. 
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mechanization into the center of eco- 
nomic policy is provided by the USS. au- 
tomobile industry. Until its recent trou- 
bles that industry was looked on as the 
bellwether of the American economy, 
proof that the U.S. was the technologi- 
cal leader among the developed nations. 
Year after year the industry’s sales and 
profits were large, and although working 
conditions in the assembly plants were 
often unpleasant and arduous, the work 
force was well paid and received ex- 
cellent benefits. The misperception of 
what was happening in Detroit resulted 
from a widespread failure to recognize 
that the industry’s continuing high prof- 
itability rested primarily on styling, 
advertising and marketing, not on ad- 
vances in engineering and in manufac- 
turing technology. 

In 1962 Congress, convinced that 
mechanization was resulting in the dis- 
employment of many skilled workers 
who would never be reabsorbed into the 
labor force unless they could be helped 
to acquire new skills, passed the Man- 
power Development and Training Act. 
That act, together with its successor leg- 
islation, the Comprehensive Employ- 
ment and Training Act (CETA), passed 
in 1973, led to the expenditure of more 
than $80 billion up to the beginning of 
the Reagan Administration, mostly to 
help the poor and the near-poor. It is 
doubtful, however, that even 1 percent 
of the outlay was directed to the re- 
training and reemployment of workers 
who had lost their jobs through mecha- 
nization, because such workers could 
until recently make their own way into 


new jobs. 


he most recent example of confusion 

about the mechanization of work 
arises from national economic policies 
ostensibly directed to “reindustrializa- 
tion” (for example tax cuts for acceler- 
ated depreciation of plant and equip- 
ment, a measure expected to start a new 
boom in investment). The U.S. is urged 
to pursue other policies, public and pri- 
vate, that will putatively enable it to re- 
gain its eroding leadership in the manu- 
facture of a wide range of industrial and 
consumer products, from steel to auto- 


GROWTH OF THE SERVICE SECTOR of 
the U.S. economy is represented in color on 
this graph for the period 1920-80. The sub- 
categories indicated cover all wage and sal- 
ary workers (including full- and part-time 
workers) employed in nonagricultural estab- 
lishments. Included are workers in the nonag- 
ricultural goods-producing sectors (manufac- 
turing, mining and construction) and those 
in the service sector, defined in the broadest 
sense to encompass all enterprises not engaged 
in the production of goods. (The subcategory 
“Services” is narrowly defined to designate 
those workers who provide services primarily 
to consumers.) Excluded (besides farm work- 
ers) are proprietors, self-employed people, do- 
mestic servants and unpaid family workers. 


mobiles and television sets. Much is 
made of the superiority of Japanese 
management and the dangerous decline 
in the productivity of U.S. industry. 
However the issue is formulated, the 
core elements are the same: the lead- 
ership of the U.S. in technology has 
slipped, and there is a serious dysfunc- 
tion in the attitudes, behavior and out- 
put of American workers. 

Actually the available statistics sug- 
gest that on a per capita basis the U.S. 
is close to its long-term trend in gross 
domestic product (G.D.P.): the output 
of all domestically produced goods and 
services. The unease centers on the re- 
cent sharp decline in productivity (mea- 
sured as the ratio of total production to 
units of labor input). Any interpretation, 
however, is plagued by complications: 
the reported hours of work overstate the 
actual hours worked, exaggerating the 
measured declines in productivity; the 
U.S. economy has been shifting rapidly 
from goods to services, a shift that inad- 
equately reflects the increases in output; 
the statistics also fail to adequately re- 
flect changes in quality, investments in 
the public sector and what is happening 
outside the market, notably in the “un- 
derground economy” and in the house- 
hold. If one were to understand and take 
proper account of these developments, 
the performance of the U.S. economy 
would probably be better, and possibly 
much better, than the current statistics 
suggest. Americans may well be unduly 
worried over a phenomenon that reveals 
more about the limitations of economic 
analysis and statistical reporting than 
about the economy itself. 

The fact remains that mechanization 
has continued to play a leading role in 
the transformation of the U.S. economy 
and other developed economies in the 
past half century, as it did in the preced- 
ing century and a half. New and better 
machines have contributed to reducing 
the average weekly hours of work in 
manufacturing from 44 in 1930 to fewer 
than 42 today. At the same time mecha- 
nization has contributed to major gains 
in the rewards for work: the average. pay 
in manufacturing has risen from $1.60 
per hour then to $3 now (in constant 
1967 dollars). This excludes fringe bene- 
fits, which have grown on the average to 
about 35 percent of base pay. Moreover, 
some economists have come to appreci- 
ate that the key to economic progress 
lies less with the accumulation of physi- 
cal capital and more with the broad- 
ening and deepening of human capital, 
since it is human talent alone that is ca- 
pable of inventing, adapting and main- 
taining machines. 

Part of the problem is that the majori- 
ty of economists, with their strong bias 
in favor of the competitive market, have 
paid inadequate attention to the contri- 
bution of the public sector to accelerat- 
ing the growth of human capital. Public 
support has taken different forms: the 


“G.I. Bill of Rights” of 1944, the expan- 
sion of public higher education, Federal 
financing of research and development, 
and the large-scale proliferation of spe- 
cialized training programs created as 
by-products of efforts to build up the 
country’s military strength and to devel- 
op nuclear power, aircraft, computers, 
spacecraft, communications and other 
large-scale technologies. 

In the three decades between the elec- 
tion of President Eisenhower and the 
election of President Reagan both per 
capita disposable income and family in- 
come, expressed in constant dollars, al- 
most doubled. Trade unions have be- 
come a prominent feature of the indus- 
trial landscape (although their member- 
ship as a fraction of the total work force 
has declined since 1955), and a profes- 
sional, college-trained cadre of manag- 
ers has taken command of most USS. 
corporations. It would be surprising in- 
deed if, mechanization aside, the forego- 
ing changes had not left their mark on 
how workers behave both on the job 
and off it. 

Other factors must also be taken into 
account: the repeated involvement of 
the country in foreign wars, the growing 
threat of nuclear war, rapid changes 
in basic values and behavior involving 
aspects of life from sex to religion, 
increasing skepticism about and chal- 
lenges to authority and legitimacy. Only 
those economists who believe every- 
thing in life is determined by the calcu- 
lus of the marketplace would attempt 
to explain the difficulties in which the 
U.S. economy finds itself in 1982 as re- 
sulting from a collapse of the work 
ethic. The Luddites looked on the ma- 
chine as the villain; the supply-siders 
blame the worker. 


he second of the three themes I men- 
tioned at the outset is the extent 
to which mechanization has helped to 
change the U.S. economy since World 
War II. Of the 41.6 million people em- 
ployed in 1940 (excluding the self-em- 
ployed and domestic servants) 54 per- 
cent were engaged in the production of 
goods: in agriculture, mining, construc- 
tion and manufacturing. Mechanization 
had earlier made steady advances in the 
grain-producing states of the Middle 
West, but it had only a minor place in 
the cotton culture of the Southeast. Thé 
South, in the view of President Roo- 
sevelt, was the nation’s No. 1 economic 
problem. It conformed to the Marxian 
view that surplus labor would be con- 
centrated on the farm, living at the 
margin of subsistence and awaiting an 
opportunity to relocate to urban cen- 
ters when employers needed additional 
workers. As late as 1940 four out of five 
black citizens were still living in the 
South, the majority of them on farms 
they sharecropped. 
World War II was the continental di- 
vide. Many blacks went into the armed 
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EDUCATIONAL ATTAINMENT of the U.S. population has risen markedly in the past few 
decades, The colored bars indicate those in the 25-to-29 age group who have finished four 
years of high school; the gray bars correspond to those who have been graduated from college. 
Between 1940 and 1980 the median number of school years completed rose from 10.3 to 12.9. 


services; others moved to the North and 
West, where employers faced growing 
labor shortages; still others moved into 
Southern cities, many of which were be- 
ing transformed by the infusion of mili- 
tary dollars. Other farming areas also 
sustained a large-scale exodus of sur- 
plus labor, setting the stage for the ac- 
celerated mechanization of agriculture. 
Paradoxical as it may seem, agricul- 
ture is now considerably more mecha- 
nized than manufacturing. 

In the same four decades mechaniza- 
tion made rapid advances in bituminous 
coal mining as a result of two factors: 
the development of strip mining in the 
West and the decision of the United 
Mine Workers’ Union, led by John L. 
Lewis, to favor higher wages over more 
jobs. In spite of the widespread belief 
that strong unions have inhibited mech- 
anization in the construction industry, 
the evidence from the mechanization 
of excavation to the prefabrication of 
structures points to major advances in 
the application of sophisticated technol- 
ogies. Although some construction un- 
ions have been strong enough to delay 
the introduction of new machines or to 
prevent the new machines from operat- 
ing at full capacity, these delaying tac- 
tics have in certain instances stimulated 
the growth of nonunionized industry, 
where contractors were able to mecha- 
nize without interference. 


A the height of the war boom the 
goods-producing sectors of the U.S. 
economy accounted for 69 percent of 
the employed labor force. In 1980 they 
accounted for 32 percent. The most 
striking shift in the goods-producing 
sectors was the decrease in the number, 
both absolute and relative, of agricultur- 


al workers. The second most prominent 
shift was the relative decline in manu- 
facturing, where employment increased 
from 34 percent of all nonagricultural 
jobs in 1940 to 41 percent in 1943 but 
declined to 22 percent at present. 

The decreasing employment in the 
goods-producing sectors of the econo- 
my was first matched and then exceed- 
ed by the increasing employment in the 
service sector. Between 1940 and 1980 
employment in service occupations grew 
from 46 percent of total employment 
to 68 percent. Of all new jobs added 
to the economy from 1969 to 1976, 90 
percent were in services. 

What are the reasons for this shift? 
The answers differ depending on who is 
asked. Some economists deny that a sig- 
nificant shift has occurred; at most they 
will agree that there has been a slow, 
steady growth of service-sector jobs. 
Some acknowledge that a shift has oc- 
curred, but they ascribe it primarily to 
the explosive growth in health, educa- 
tion and related services. They expect 
that the growth will level off and even 
decline now that the birthrate is down 
and the Reagan Administration is press- 
ing to reduce the level of Government 
outlays. Others, including our own 
group at Columbia University, are con- 
vinced that there has been a tilt of de- 
mand toward more consumer services 
and that, even more important, changes 
have been made in the way goods are 
produced, calling for a vast expansion in 
“producer services.” Thomas M. Stan- 
back, Jr., and his colleagues at Colum- 
bia, in their recent book Services/ The 
New Economy, note that the value added 
of producer services alone—financial, 
legal, accounting, marketing, manage- 
ment consulting and communications— 
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equals the value added of all manufac- 
turing output. 

A look at the changes in the occupa- 
tional structure further illuminates the 
causes and consequences of the shifts 
identified here. Somewhat simplistic 
comparisons can be made among white- 
collar workers, blue-collar workers and 
service-sector workers (narrowly de- 
fined as those who provide services pri- 
marily to consumers). In 1940 the pro- 
portions employed in these kinds of oc- 
cupation were respectively 31 percent, 
57 percent and 12 percent; in 1980 they 
were 54 percent, 34 percent and 12 per- 
cent. Bigger and better machines on the 
farm, in the mines, in the factory and at 
construction sites call for fewer opera- 
tives. In modern oil refineries, chemical 
plants and steel-fabricating mills there is 
a great deal of machinery but there are 
few workers, and many of the workers 
are engaged in white-collar jobs. The 
General Electric Company, which man- 
ufactures tens of thousands of differ- 
ent items from turbines to electric-light 
bulbs, has no more than 40 percent of its 
employees directly engaged in produc- 
tion; the rest work in what can best be 
Classified as in-house producer services 
from accounting to marketing. 

If one looks at the qualitative changes 
that are suggested by the shift from 
blue-collar to white-collar employment, 
one finds a truly impressive growth in 
the two groupings in the standard cate- 
gories of the Bureau of Labor Statistics 
that have the highest status and in- 
comes: professional, scientific and tech- 
nical workers, and managerial and ad- 
ministrative workers. Between 1940 and 
1980 the former group increased from 
7.5 to 16 percent of the employed labor 
force, and the latter group declined 
from 20 to 13 percent. The last two fig- 
ures conceal a major qualitative trans- 
formation, since they lump the own- 
ers and managers of small enterprises, 
whose numbers declined, and corpo- 
rate and other high-level administra- 
tors, whose numbers rose. 


Co of the radical changes in 
the occupational structure can be 
found in the striking rise in the edu- 
cational achievements of the younger 
members of the work force: those be- 
tween 25 and 29 years of age. One need 
not hold the philistine view of many hu- 
man-capital theorists that educational 
preparation is determined solely by the 
estimates people make of their career 
and income prospects to see that the two 
factors are definitely correlated. The 
large increase in the proportion of those 
in the 25-to-29 age group who have ei- 
ther an undergraduate degree or a high- 
er degree is striking: from one in 16 in 
1940 to almost one in four in 1980. 
There is a bias among economists go- 
ing back to Adam Smith that only work 
resulting in a physical output is pro- 
ductive and that services, which are by 


44 


their nature ephemeral, are unproduc- 
tive. Smith, reacting to the excessive 
number of family retainers among the 
rich, misled himself and his followers 
about the nature of services. Econo- 
mists finally realized, however, that an 
artist who gives pleasure to thousands 
or a surgeon who restores the health 
of hundreds must be considered pro- 
ductive. Nevertheless, the followers of 
Smith have been preoccupied with re- 
fining the manufacturing model. With 
few exceptions the output of services 
has been downgraded or ignored. 

This bias against service occupations 
was reinforced by a widespread belief 
that mechanization, the key to produc- 
tivity and growth, has little or no role to 
play in the production of services. In 
fact, some contemporary economists 
have separated out the heavy, capital- 
intensive services—transportation, com- 
munications and electric-power utili- 
ties—and treated them as either part 
of or closely related to conventional 
manufacturing. 

A further bias has been at work. 
Many services are anchored in the pub- 
lic sector rather than the private sector; 
the leading examples are education, 
health and such basic functions as police 
protection, fire protection and sanita- 
tion. Economic theory based on the 
competitive marketplace has little to 
contribute to an understanding of such 
public services. Handicapped by tradi- 
tion, economists have been slow to un- 
derstand the shift of modern economies 
toward services and in particular toward 
services in the public sector, toward pro- 
ducer services and toward mechaniza- 
tion in large service enterprises. 

Most economists assumed that serv- 
ice companies would inevitably contin- 
ue to be small, since service providers 
had to interact personally with consum- 
ers, as in the case of a restaurant, a dry- 
cleaning establishment, a physician or 
an accountant. The model of the small 
local consumer-service company, how- 
ever, clearly does not fit the fast-food 
chains, the international banks with 
branches in 100 or more cities, the 
worldwide hotel chains, the national re- 
tailing chains and many other nation- 
al and international service enterprises 
that have been able to mechanize many 
of their critical functions, from finance 
to personnel management. 

As I have noted, the period since 
World War II has also been marked by 
a steady advance in the educational 
preparation and skill level of the work 
force, as exemplified by the increase in 
the number of white-collar workers 
and of professional, scientific and tech- 
nical workers. The question remains of 
whether it is more difficult in the service 
sector than it is in the manufacturing 
sector to move from a less desirable job 
to a more desirable one. Stanback be- 
lieves this has been the case. He points to 
the steelworker who began work in the 


yard and could move up many grades on 
the basis of seniority and on-the-job 
training. That is not the case, he ob- 
serves, for the laboratory technician ina 
hospital or the paralegal worker in a law 
firm. In support of this argument, it has 
to be conceded that a college or profes- 
sional degree is a prerequisite for com- 
peting for many of the best jobs in the 
service sector. On the other hand, talent 
appears to be as important as formal 
degrees in many occupations, such as 
advertising, design and sports. In my 
view the issue remains open. 


hese last considerations are a bridge 

to the third theme I mentioned at the 
outset: the effects of mechanization on 
the work environment. To the extent 
that any generalization is justified, one 
can maintain that the conventional at- 
titude of the American worker toward 
machines has been different from that of 
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TOTAL MECHANIZATION of a new sys- 
tem for the spray painting of the bodies of 
cars and light trucks makes it possible to re- 
move all human workers from a particularly 
onerous industrial task. The diagram shows 
the control hierarchy for the Numerically Con- 
trolled Paint System, which has been devel- 
oped over the past seven years by the General 
Motors Corporation; the system has recently 
been installed at the GM assembly plant in 
Doraville, Ga. The present system consists of 
three pairs of automatic, fixed-stroke, roof 


the European worker. For the most part 
American workers have had a positive 
attitude toward technological improve- 
ments, seeing them as making their work 
less onerous and as providing an op- 
portunity for wage increases through 
increased productivity and for the en- 
hancement of their job security through 
improvement of their company’s com- 
petitive position. 

In European countries, with their 
smaller markets, the job-displacement 
potential of the new machines has been 
more prominent in the thinking and 
action of the workers. Technological 
unemployment was viewed as a seri- 
ous threat by the principal unions in 
the German Weimar Republic of the 
1920’s, and even the economic revival 
of West Germany after World War II 
did not dispel this fear. In the early 
1960’s the largest of the West German 
unions, the metalworkers, were host to a 
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week-long international conference on 
mechanization and the involuntary un- 
employment it could cause. The issue is 
once again high on the agenda of the 
West German trade unions, particularly 
because of the disturbingly high level of 
unemployment in that country. 

Marx railed against the dehumaniza- 
tion of work in which the machine set 
the pace, a theme that was resurrected in 
succeeding generations by John Ruskin, 
Edward Bellamy and Emma Goldman 
and that was developed perhaps most 
imaginatively in Charlie Chaplin’s mo- 
tion picture Modern Times. One need not 
gloss over the physical and psychologi- 
cal strain of working on the assembly 
line to point out that at the peak proba- 
bly no more than one in 15 or 20 Ameri- 
can workers earned a livelihood by such 
work. Robert Schrank, whose Ten Thou- 
sand Working Days is the most percep- 
tive account of the diversity of working 


environments in the contemporary U.S. 
economy, makes a strong opposing case. 
Instead of the machine’s dominating the 
lives of the workers, he writes, the im- 
mediate work group learns to organize 
its activities to enlarge its scope of free- 
dom to do the things its members most 
enjoy: swap stories, fool around, play 
games, gamble, keep the foreman off 
their back and otherwise interact with 
one another, investing little of them- 
selves in carrying out their assignment. 

Three decades ago, in the book Occu- 
pational Choice, my coauthors and I dis- 
tinguished three returns from work: 
intrinsic (direct work satisfaction), ex- 
trinsic (wages and benefits) and con- 
comitant (interpersonal relations on the 
job and in the work environment). Ad- 
vocates of improving the quality of 
work life see major opportunities to en- 
hance the intrinsic and concomitant re- 
turns that workers are able to get from 
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and side sprayers of a type already in wide use for such painting op- 
erations, five pairs of numerically controlled paint machines (four 
pairs equipped with door-opening devices) and an off-line teaching 
booth that houses another numerically controlled painter with its as- 
sociated door opener. (The number of painting stations is expected to 
vary from plant to plant; one system currently being installed has 
18 of the new machines.) The numerically controlled painter is a 
seven-axis device, hydraulically driven and servomechanically con- 
trolled. Its function is to paint all external body surfaces and various 
internal surfaces not covered by the roof and side sprayers. The ma- 
chine’s reach enables it to paint bodies of all sizes, ranging from sub- 
compacts to full-size sedans, station wagons and pickup trucks. The 
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painter’s companion, the door opener, has two servo-controlled axes 
and one pneumatic axis. The supervisor computer tracks each car 
body through the painting booth and sends the correct path data to 
each machine controller at the proper time. A body-recognition sys- 
tem identifies each body as it enters the painting booth. The recorded 
information is sent to the supervisor computer and is checked against 
the plant schedule to determine the car’s color and other options. In 
order to “teach” the painter a new routine a worker in the off-line 
teaching booth grasps a handle attached to the end of the teaching 
painter’s arm and leads the spray guns through the appropriate paint 
paths, recording positions along the way and signaling “on” and “off” 
points. The resulting data are then stored in the system’s computer. 
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their work. In my opinion they exagger- 
ate. The scope for decision making by 
workers on the factory floor or in the 
large office is severely limited. An ex- 
treme division of labor results, as Smith 
perceived, in routine, repetitive tasks 
from which decision-making functions 
have been extracted. 

Although American trade unions may 
have been too confrontational in their 
attitudes, their underlying conviction is 
that, beyond pressuring management 
to make the work environment safer, 
cleaner and more attractive, there is not 
much management can do to improve 
the intrinsic rewards from work. Ac- 
cordingly unions have pressed and will 
continue to press for improvements in 
extrinsic rewards: job security, equity 
in selection for promotions, participa- 
tion by the unions in discipline and dis- 
charge, better wages and fringe benefits, 
and more free time. 

As my colleagues Ivar Berg, Marcia 
Freedman and Michael Freeman have 
documented in their book Managers and 
Work Reform, much of the agitation of 
the U.S. economy is a function of the 
expectations workers have about their 
jobs; there is a real danger that many 
are overeducated for the work to which 
they are assigned. Furthermore, much 
of the dissatisfaction of workers stems 
not from their limited scope to partici- 
pate in decisions that affect their work 
but from their frustration with manag- 
ers who fail to perform effectively. 


Mi of the preceding discussion of 
the workplace, worker motivation 
and the quality of work life has been in 
terms of the modern factory. Since the 
labor force is now overwhelmingly em- 
ployed in the service sector, however, it 
seems desirable to call attention to a 
few future developments in the relation 
of mechanization to the work environ- 
ment there. 

Because of the critical importance of 
quality in the service sector the control 
of work and workers confronts manage- 
ment with a new and difficult challenge. 
Service-sector work has more dimen- 
sions and complexities than factory 
work, particularly considering the much 
higher proportion of professional, scien- 
tific and technical people employed in 
service industries. It is the hallmark of 
such personnel that their training has 
conditioned them to decide what work 
to do, how to do it and even when to do 
it. The members of a university faculty, 
although they are members of a depart- 
ment, a school and a larger institution, 
consider themselves as _ self-directed, 
autonomous individuals to whom the 
chairman, the dean and the president 
can address requests but not give or- 
ders. Increasingly this academic model 
is spreading to industry and govern- 
ment, to the research laboratories, to 
corporate staffs and to government 
agencies. There is growing tension be- 
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tween the traditional hierarchical struc- 
ture of organizations and the implicit 
(and increasingly explicit) demands of 
professionals for greater autonomy in 
their work. How these demands will be 
reconciled with traditional modes of 
management remains to be seen, and 
the process of reconciliation may prove 
as difficult as it is important. 

At the other end of the occupational 
scale it appears that the increase in the 
number of service-sector jobs has been 
correlated with the decrease in the frac- 
tion of the work force that is unionized. 
Many observers believe trade unions 
will be further weakened as the growth 
of the service sector continues. This may 
in fact happen, but several countervail- 
ing factors must be considered. Many 
service jobs pay low wages and provide 
limited benefits. More women, concen- 
trated in low-paying service jobs, are be- 
coming regularly attached to the work 
force. The computer revolution seems 
ready to make major inroads into the 
office, a development that holds a threat 
to the job security of many white-collar 
workers. The continuing erosion of the 
real earnings of workers by inflation 
makes these employees receptive to un- 
ion organization. It is easy to write off 
the trade-union movement, particularly 
since it has had a conspicuous lack of 
success so far in restructuring itself to 
meet the challenges of a changing econ- 
omy. Even if the unions finally succeed 
in making sizable gains in the service 
sector, they will face not only the con- 
ventional challenges of achieving high- 
er wages and better fringe benefits for 
their members but also the challenge 
of contributing to a more stimulating 
workplace. 


vo once explained the success of 
Germany in overtaking Britain as an 
industrial power in terms of the advan- 
tages of being second (or third). The 
latecomer did not have to carry the bur- 
den of obsolescent machinery or busi- 
ness practices. Many analysts in the U.S. 
in 1982 think Japan and the leading na- 
tions of the Third World have the same 
advantages Germany once had. The 
analogy is suggestive, but it is faulty. 
For some years various manufacturing 
activities have been moving to low-wage 
countries not only out of Western Eu- 
rope and the U.S. but also out of Japan. 

There is widespread concern about 
the periodic imbalances of U.S. trade in 
commodities with the rest of the world. 
In 1980 the deficit in such trade amount- 
ed to slightly more than $25 billion. 
That is not the whole story, however. 
Fees and royalties on direct U.S. invest- 
ments abroad amounted to almost $6.7 
billion, and net earnings on foreign in- 
vestments, excluding these fees, came to 
$32.8 billion, resulting in a net surplus 
of more than $13 billion in goods and 
services (adjusting for the small net defi- 
cit in travel receipts). Goods and serv- 


ices do not lead totally independent ex- 
istences, and as I have noted, services 
have come to play a much more impor- 
tant role in the production of goods. The 
challenge to the U.S. economy is not 
“reindustrialization” but rather “revi- 
talization,” in which mechanization has 
an important role to play with respect to 
both goods and services. 

It is moot whether any new specific 
policies are required to speed revitaliza- 
tion beyond a recognition that the U.S. 
economy is moving ever more strongly 
into services and that the country’s legis- 
lators and administrators should deal 
equitably between the different sectors 
in the creation and implementation 
of trade, tax and employment policies. 
The Reagan Administration, through 
the Office of the Special Representative 
for Trade Negotiations, has demonstrat- 
ed a growing concern with international 
trade involving services. In the private 
sector a recently established consortium 
of major service companies is further 
evidence of attention and action. 

A conclusion that government should 
not venture into the formulation of in- 
dustrial policy does not imply that the 
state has no role to play in the strength- 
ening of the industrial infrastructure. It 
is important to remember that govern- 
ment has played a major role in lead- 
ing American industries: in agriculture, 
aeronautics, nuclear power, electron- 
ics, Computers, communications, genetic 
engineering and other emerging tech- 
nologies. If the present Administration 
has its way, the support of universities, 
the education and training of specialists 
and the underwriting of research and de- 
velopment will not be carried forward at 
an appropriate scale or with the ade- 
quate lead times. The machines that are 
invented, improved and put into opera- 
tion throughout the economy depend on 
a steady accretion in the pool of knowl- 
edge and on the availability of enough 
technicians. If the country had to wait 
for the big corporations to train their 
own technical personnel from _ the 
ground up, it could wait a long time. 
Even if they wanted to do it, they could 
not. The ideologues may swoon over the 
beatitudes of the competitive market, 
which clearly has much to commend 
it, but the U.S. economy, for better or 
worse, is a pluralistic system in which 
government, nonprofit institutions and 
privately owned companies have com- 
plementary relations. No one of them, 
left to its own devices, can prosper in a 
technologically sophisticated world. 


t would be a distortion to end this in- 
troduction to a series of articles on 
the mechanization of work without con- 
sideration of its problematical conse- 
quences. I shall therefore take up some 
of the consequences of mechanization 
for women and for the undereducated. 
With respect to women, mechaniza- 
tion unquestionably paved the way for 


many of them to escape the confines of 
the home as a result of laborsaving de- 
vices, which eased the chores of house- 
keeping and, equally important, re- 
duced the role of physical strength as a 
qualifying characteristic for many jobs. 
The positive role of mechanization in 
the liberation of women had little or no 
influence, however, on such untoward 
trends as the ominous rise in the number 
of households headed by women, the 
disturbingly large number of youngsters 
being brought up solely by their mothers 
and the large fraction of those families 
that live at or below the poverty level. 
These trends can be disregarded only by 
a society that is indifferent to human 
deprivation and unconcerned about its 
own future. 

Before the introduction of sophisti- 
cated machinery as well as afterward all 
economies have faced difficulties in pro- 
viding jobs for everyone who needs 
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MICROPROCESSOR at the heart of the graphics computer shown 
in the painting on the cover crowds some 70,000 transistor sites onto 
a single chip of silicon measuring roughly a fourth of an inch on a 


work. In spite of the good record of the 
U.S. economy with respect to the crea- 
tion of jobs in recent decades Arthur 
F. Burns, the former chairman of the 
Board of Governors of the Federal Re- 
serve System (and the current U.S. 
ambassador to West Germany), recom- 
mended in 1975, in the face of the con- 
tinuing difficulties that many young peo- 
ple were having in finding and keeping 
jobs, that the Federal Government be- 
come “the employer of last resort” at 
wages 10 percent below the legal mini- 
mum wage. Some believe the shift of the 
economy toward services is currently 
making it more difficult for the under- 
educated to find a niche. An increasing- 
ly white-collar economy has no place 
for functional illiterates. 

I have one concluding observation 
about the relation between mechaniza- 
tion and work. There is a widespread 
belief in the U.S. and Western Europe 
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that young people have a smaller com- 
mitment to work and a career than their 
parents and grandparents had and that 
the source of the change lies in the col- 
lapse of the “work ethic.” The question 
of why the work ethic collapsed is sel- 
dom raised, although sophisticated ana- 
lysts suggest it is linked to economic af- 
fluence and the shift of concern from the 
family to the self. 

I would suggest that the success of 
modern technology, which has put each 
of the superpowers in a position to de- 
stroy the other (and much of the rest of 
the world), presents a basic challenge, 
not only with respect to work but also 
with respect to all human values. It re- 
mains to be seen whether or not the po- 
tential of modern technology will turn 
out to be a blessing. Many young people 
are betting against such an outcome, 
and others are waiting before commit- 
ting their modest stake. 


side. The chip, designated the MC68000, is the first in a projected 
family of integrated 16-bit microprocessors developed by Motorola, 
Inc. The dark areas at upper right are the system’s memory elements. 
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The Mechanization of Agriculture 


In the U.S. at the beginning of the 19th century some 70 percent 


of the labor force worked on the farm. Today 3 percent not only 


feeds the population but also produces a large surplus for export 


griculture was once the primary 
means of livelihood for virtually 
all of the human population. As 
recently as 1850 farmers made up 64 
percent of the labor force in the U.S. 
Today, in contrast, only 3.1 percent of 
American workers are engaged in agri- 
culture, yet they grow enough to meet 
the needs of the entire country, often 
with a large surplus for export. In 1850 
the average farm worker supplied food 
and fiber for four people; now each 
farmer provides for 78 people. 

Much of the enormous increase in 
productivity can be attributed to mecha- 
nization, broadly defined. In agriculture 
mechanization can be taken to include 
not only the introduction of devices 
such as plows and reapers but also the 
development of improved crop plants, 
fertilizers and pesticides, the construc- 
tion of irrigation works, the growth of 
a transportation network for the distri- 
bution of farm produce and the exten- 
sion of electric power to rural areas. 
These technological innovations have 
profoundly altered the economic and 
social basis of life on the farm. In- 
deed, the magnitude of the demograph- 
ic change suggests that agriculture may 
be the realm where the mechanization 
of human work has so far had the great- 
est effect. 

The introduction of agriculture itself, 
perhaps 10,000 years ago, transformed 
human society, and the history of farm 
mechanization might well be traced 
back to that era. In this article, however, 
I shall confine my attention to the past 
200 years or so. Moreover, I shall con- 
sider only the mechanization of farming 
practices for the major crops grown in 
the U.S. 

Land for farming has always been 
plentiful in the U.S., at least until now, 


by Wayne D. Rasmussen 


and cheaper than labor. Hence almost 
any device that makes it possible to 
work more land with the same amount 
of labor has been welcomed. 


A the time of the American Revolu- 
tion most of the tools employed on 
the farm differed little from the ones 
that had been in use for 2,000 years. 
Grain was cut almost universally with a 
sickle, a tool that required the laborer to 
work in a stooped position. It was not 
until about the time of the Revolution 
that the scythe came into use; its long 
blade enabled the worker to cut more 
with one swing and its long handle en- 
abled him to work standing up. The next 
improvement was the cradle, a wood 
frame attached to the blade of the 
scythe. The cradle caught the grain or 
hay so that it could be laid down in even 
rows, making it easier to gather. 

With the agrarian emphasis of the 
18th-century economy it is no surprise 
that various prominent men (many of 
whom had extensive agricultural hold- 
ings) were looking for new implements 
and more productive ways of farm- 
ing. George Washington asked Arthur 
Young, a British advocate of agricultur- 
al change, to get improved farm imple- 
ments for him. Thomas Jefferson turned 
his inventive mind to the improvement 
of farm tools and developed designs for 
a seed drill, a brake for separating the 
fibers of hemp, a threshing machine, 
a sidehill plow and a moldboard (the 
curved part of a plow blade) that would 
turn the soil efficiently. 

The best-known advance in farm pro- 
duction in the years immediately after 
the Revolution was the invention of the 
cotton gin. Upland cotton, the type 
grown then and now in the South, has 
fibers that cling to the seed. Extracting 


TREND TOWARD MECHANIZATION in agriculture is evident in the photograph on the 
opposite page, which shows a mobile packing plant for harvesting carrots on a large farm in 
California. The workers at the right pull the plants and remove the tops, putting the carrots 
on a conveyor that takes them to a cleaning unit, where dirt and root hairs are removed, and 
through a washer. The workers at the left sort the carrots, putting the smaller ones in one-pound 
bags for retail sale and the larger ones in big fiber bags for sale to restaurants and institutions. 


the seeds had been tedious and labor- 
intensive work. The gin (or engine) in- 
vented by Eli Whitney in 1793 gave 
farmers a practical machine for separat- 
ing the lint from the seeds and brought 
about a dramatic change in Southern 
agriculture. The production of cotton 
rose from an estimated 10,500 bales in 
1793 to nearly 4.5 million in 1861. The 
extensive commercial production of 
cotton led to the expansion of the plan- 
tation system and an intensification of 
the system’s reliance on slave labor. In 
this instance, then, mechanization (at 
least in its earliest stages) certainly did 
not relieve the drudgery of the worker, 
nor did it lead to his disemployment; on 
the contrary, it perpetuated the most ex- 
ploitative labor practices. 

In New England the availability of 
low-cost cotton and of the new spinning 
and weaving machinery developed in 
Britain led to the rapid industrialization 
of the economy. The demands of the 
mill towns offered farmers in New En- 
gland and elsewhere an expanding mar- 
ket for their products, providing a stim- 
ulus to experimentation with new imple- 
ments and methods. Here the economic 
and social effects of mechanization in 
agriculture began to have a direct influ- 
ence on other sectors of the economy. 
The increased agricultural production 
ensured a steady supply of food at a 
reasonable cost to the mill workers, 
thus encouraging industrial develop- 
ment. The increased agricultural pro- 
ductivity meant that young people could 
leave the farms (indeed, they were al- 
most forced to) for jobs in the mill 
towns, thereby providing industry with 
relatively low-cost labor while reliev- 


‘ing population pressure in rural areas. 


T° cotton farming the gin virtually 
abolished limits on the volume of 
production. In the growing of grain, on 
the other hand, there were many bot- 
tlenecks, which were resolved only 
through a series of inventions and im- 
provements in machinery. The prob- 
lems began with plowing and ended with 
reaping. 
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Plowing drew the attention of many 
inventors. The first U.S. patent issued 
for a plow went to Charles Newbold of 
New Jersey in 1797. His plow was a sin- 
gle piece of cast iron except for the han- 
dles and the beam by which it was 
hitched to the draft animals. It is said 
that farmers would not buy the plow in 
the belief the iron would poison the soil 
and make weeds grow. In 1814 Jethro 
Wood patented another cast-iron plow, 
which he improved in 1819; the mold- 
board, the share (the part that cuts the 
furrow) and the landside (which guides 
the plow along the furrow) were cast 
separately, and the three parts were in- 
terchangeable from one plow to anoth- 
er. Wood’s plow was widely adopted. 


Neither wood nor cast-iron plows 
worked well in the sticky soil of the prai- 
ries, which were to become the heart- 
land of American grain farming. The 
soil stuck to the plow instead of sliding 
by and turning over. In 1833 John Lane, 
a blacksmith in Lockport, IIl., began fas- 
tening strips of steel of the kind meant 
for saw blades over wood moldboards. 
His plows turned furrows in the prairie 
loam of Illinois, but he did not patent his 
idea. In 1837 John Deere, who was also 
a blacksmith in Illinois, began mak- 
ing plows out of saw steel and smooth 
wrought iron. The plows were highly ef- 
fective in the prairie soil, and Deere, in 
partnership with Leonard Andrus, soon 
built up a substantial business. 


EVOLUTION OF THE PLOW in the U.S. over the past 200 years is traced in the illustrations 
on this page and the opposite page. This horse- or ox-drawn plow, which is typical of the 
kind used in the 18th century, was made out of wood except for the pointed share at the front. 
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PRAIRIE PLOW was invented by John Deere in 1837 to cope with a problem that had arisen 
as agriculture expanded into the prairies of the Middle West: the soil stuck to the wood and 
cast-iron plows employed at the time instead of sliding by and turning over. Deere made his 
plow blade of saw steel and smooth wrought iron; it functioned well in the sticky prairie soil. 
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Harvesting was the crucial operation 
in the production of grain. Hence the 
mechanical reaper was probably the 
most important invention introduced 
into farming between 1830 and 1860. 
Obed Hussey of Maryland patented a 
practical horse-drawn reaper in 1833. 
Cyrus H. McCormick of Virginia had 
devised a similar machine by 1831, con- 
tinuing work along lines begun by his 
father, and he patented it in 1834. Over 
the next 20 years McCormick gained a 
dominant position in the business, partly 
because he moved his company to Chi- : 
cago, where he could better reach cus- 
tomers in the newly opened prairies and 
plains, whereas Hussey kept his plant 
in Baltimore. 

By 1851 McCormick was producing 
1,000 reapers a year in his Chicago 
plant. Over the years the harvester was 
improved in various ways. One nota- 
ble improvement was the twine knotter, 
which was perfected by John F. Apple- 
by in 1878. It enabled the machine to tie 
the cut grain into bundles for quicker 
and easier handling. 

The success of the reaper and other 
horse-powered devices (including some 
developed earlier than the reaper) en- 
couraged a trend toward machines that 
did not depend on human muscle power. 
A corn cultivator and a hay and grain 
rake, both drawn by horses, were avail- 
able by the 1820’s. In 1837 John A. Pitts 
and Hiram A. Pitts patented a commer- 
cially successful threshing machine. A 
mower that gained wide acceptance was 
patented by W. F. Ketchum in 1844. 
Other horse-powered machines market- 
ed before the Civil War included grain 
drills, corn shellers, hay-baling presses 
and cultivators of various types. 


‘he spite of these advances, which 
were publicized and advertised in 
the agricultural magazines of the 1840’s 
and 1850’s, many farmers hesitated to 
invest in the new machinery until they 
could be certain the investment would 
pay off. It was the Civil War that ulti- 
mately provided the impetus for change, 
and the subsequent conversion from 
hand power to horsepower can be desig- 
nated the first American agricultural 
revolution. The progress of the revolu- 
tion is recorded in the statistics on in- 
vestment: in constant-value dollars the 
average annual investment per farmer 
in new machinery and equipment was 
$7 in 1850, $11 in 1860, $20 in 1870 and 
$26 in 1880. The labor shortage brought 
on by the war, together with high prices 
and a seemingly limitless demand, en- 
couraged farmers to spend their savings 
or to go into debt to acquire the labor- 
saving machines. Once the farmer had 
made the investment he found himself 
committed to production on a commer- 
cial scale. 

From 1820 to 1850 there had been 
virtually no change in the productivity 
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TRACTOR PLOW of the type that was common in the 1920’s repre- ratus, In the horse-drawn version the plow had a seat for the farmer. 
sents an early stage in the transition from similar horse-drawn appa- Many horse-drawn plows continued in use until after World War II. 





MODERN GANG PLOW has 12 blades, and each blade is capable level, open ground, it can plow 10 acres per hour or mor Deere 
of making a 22-inch cut. When the device is drawn by a tractor on & Company makes this plow and others with from 10 to 16 blades. 


51 


EARLY REAPING TOOLS were in use in the U.S. until well into 
the 19th century. The sickle (a) required the harvester to cut grain or 
grass in a stooped position; the scythe (+), developed at about the 
time of the American Revolution, enabled him to work standing up 


of the farm worker. In the following 30 
years, however, production per man- 
year increased markedly, even though 
the average yield per acre improved lit- 
tle. The number of people who could be 
supplied with food and fiber by one 
farm worker rose from four in 1850 to 


THRESHING OPERATION in Kansas in 1909 was done with 
steam-powered machinery but still required a considerable work 
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five and a half in 1880. The number of 
farmers continued to increase, but at a 
rate lower than that of the general pop- 
ulation. As a result farm workers as a 
proportion of the U.S. labor force de- 
creased from 64 percent in 1850 to 49 
percent in 1880. 





and to cut more with each stroke. The cradle (c) was the most ad- 
vanced harvesting implement known to farmers of the early 19th 
century. It was a scythe with a wood frame attached. With it the har- 
vester could catch the cut grain or hay and lay it down in even rows. 


The technological changes also had 
social repercussions. The capital needed 
to establish a farm increased, making it 
harder for laborers, tenants and young 
people to become operators of farms. 
Farmers became more dependent on 
bankers and merchants. Except during 





force, The steam tractor at the right, with a coal-carrying trailer at- 
tached to it, delivered power to the separator by means of the long 





MECHANICAL REAPER was patented in 1834 by Cyrus H. 
McCormick. It was not the first reaping machine, but it soon became 
the dominant one. In this one-horse model the large ground wheel 
transmitted power to the reciprocating cutter blade by means of gears 


the war years the higher production of 
agricultural goods led to periods of sur- 
plus and low prices. Farmers were ad- 
vised to reduce production, but no one 
farmer could influence the market. Fur- 
thermore, it was necessary to bring more 
land under cultivation in order to pay 


belt. The separator removed the grain from the stalks. Five horses (of 
the 10 or so needed in the operation) and 13 men can be seen. Most of 


for the very machines that made this ex- 
pansion of agriculture possible. For at 
least some farmers mechanization un- 
doubtedly brought release from toil and 
a measure of prosperity, with the associ- 
ated benefits of more leisure and better 
education. To some extent, however, it 


and a crank and to the revolving reel by means of a belt. The reel 
gently pushed the grain onto the platform at the rear. The grain was 
then raked onto the ground by hand and formed into small sheaves 
that were picked up and gathered into shocks to dry before threshing. 


seems the agricultural bounty of the late 
19th century was secured at the expense 
of the farmer. 

The Homestead Act of 1862, which 
made Western land available free to set- 
tlers, and the building of the transconti- 
nental railroads encouraged established 





the men worked with pitchforks, moving shocks of cut grain onto 
wagons in the field and then pitching the grain into the separator. 
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farmers and immigrants from Europe to 
go west, opening up the plains first to 
cattle and then to wheat. On the new- 
ly cultivated land machines became in- 
creasingly important. And even as the 
horse became fully established as the 
prime mover of agriculture, new sour- 
ces of power were developed. Steam en- 
gines, first stationary and then self-pro- 
pelled, were applied in many operations 
on large farms, particularly in the West. 

The Red River Valley in North Da- 
kota and Minnesota provides an im- 
pressive example of large-scale farming 
based mainly on steam power. When the 
Northern Pacific Railroad suspended 
its construction of new lines in the ma- 
jor economic depression that began in 
1873, some of the officials of the compa- 
ny accepted land in the Red River Val- 
ley in exchange for their railroad bonds. 
In 1875 Oliver Dalrymple, an experi- 


PICKUP REEL 


MODERN COMBINE derives its name from the fact that it com- 
bines the operations of harvesting grain and threshing it. The grain is 
cut by the reciprocating cutter bar and picked up by the reel. Augers 
steer the grain stalk-first onto a moving elevator that carries it to the 
threshing drum, where it is stripped and beaten. Some grain drops 
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enced wheat farmer in Minnesota, con- 
tracted to manage the land. He began 
raising wheat on tracts so large that 
some of the plowed furrows were six 
miles long. Although horses and mules 
supplied much of the power, Dalrymple 
put his emphasis on steam tractors, 
which he hitched to the most modern 
machinery available. 

Dalrymple’s venture provided an ear- 
ly demonstration of the problems that 
can beset a large mechanized farm oper- 
ation: breakdowns of machinery, the un- 
reliability of labor, variations in climate 
and low prices for farm products. The 
same problems affected smaller, family- 
operated farms, but the family farm had 
more opportunity to reduce or defer ex- 
penditures because the family did not 
have to meet a payroll for hired labor or 
show a profit for the owners. By the 
1890’s most of the large, single-crop 


farms had given way to smaller, diversi- 
fied holdings. 


ip general the task for which steam en- 
gines proved to be most useful was 
threshing grain. The engines were too 
heavy and cumbersome for most other 
farm work. The peak in the manufac- 
ture of steam engines for agriculture 
came in 1913, when 10,000 of them 
were made. Production declined rapidly 
thereafter as the gasoline-powered trac- 
tor began to dominate the market. 

The first practical self-propelled gaso- 
line tractor was built in 1892 by John 
Froelich of Iowa. He mounted a gaso- 
line engine made in Cincinnati on run- 
ning gear fitted with a traction arrange- 
ment of his own manufacture. With this 
machine he made a 50-day threshing 
run. The Froelich tractor was the fore- 
runner of the Deere line of tractors. 


GRAIN 
| ELEVATOR 







CONCAVE 


into the grain pan. The straw and the rest of the grain go on to the 
strawwalkers, which shake back and forth and cause more grain to 
fall into the pan. The grain elevator empties into a bin that can hold 
about 180 bushels of grain until the auger at the rear unloads it into a 
truck. The straw drops off the walkers and onto the ground; the chaff 


THRESHING 
DRUM AND 


The first business concerned exclu- 
sively with the manufacture of tractors 
was established in Iowa City in 1905 by 
C. W. Hart and C. H. Parr. They had 
started working on internal-combustion 
engines after meeting as students at the 
University of Wisconsin in 1893. Their 
first tractor came out in 1901; it was 
crude, but it remained in service for 20 
years. The Hart-Parr Company later be- 
came part of the Oliver Corporation. 
Many other tractor-making concerns 
(not all of them successful) were formed 
in succeeding decades. 

The adoption of the gasoline tractor 
spread rather slowly until World War 
I. Then high prices for farm products, 
government appeals for increased pro- 
duction and labor shortages in some ar- 
eas encouraged farmers to make the 
transition. After the war and a sharp 
drop in farm prices in July, 1920, the 





STRAWWALKERS 
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is blown out at the rear by a fan. The entire 
operation is powered by a diesel engine. The 
“concave” fits around the threshing bars. This 
large combine, which can harvest 12 acres 
per hour, is made by Massey-Ferguson, Inc. 


pace of conversion slackened again. 
Through the rest of the 1920’s fluctu- 
ating economic conditions in agricul- 
ture made farmers reluctant to give up 
horse-drawn equipment for the tractor, 
which would entail additional outlays of 
cash. Nevertheless, the number of hor- 
ses and mules on farms decreased stead- 
ily and the number of tractors increased. 

One machine that had come into its 
own by the 1920’s was the combine, 
which cuts the grain and threshes it in 
a single operation. In the harvesting 
of wheat the combine replaced both 
the stationary threshing machine and 
the grain binder, which had mowed the 
wheat and bundled it into shocks. The 
first successful combine was a horse- 
powered machine built in 1836 in Mich- 
igan. By the 1880’s steam engines had 
been introduced to power the many 
combines coming on the market. The 
gasoline engine began to replace steam 
for pulling the combine and operat- 
ing its harvesting mechanisms in about 
1912. Large combines powered by gaso- 
line engines were widely available in the 
1920’s and 1930’s. The development in 
1935 of a one-man combine powered by 
a two-plow tractor (that is, a tractor with 
enough power to pull two plows) was 
another milestone. 7 

By 1956 more than a million com- 
bines were at work on American farms, 
and the 1.5 million grain binders that 
had been in use in the decade before 
World War II had virtually disappeared. 
Also gone was the substantial crew that 
had made threshing and the feeding of 
threshers the biggest and hardest jobs 
of the year on most grain farms. The 
threshing crew itself usually consisted of 
three men. The separator man was re- 
sponsible for the operation of the ma- 
chine that separated the grain from the 
straw and the chaff. The engine man ran 
the tractor, which powered the separa- 
tor by means of a long belt. The steam 
tractor remained in service for threshing 
long after the gasoline tractor had be- 
come common for other work, and so 
the crew also had a water man to sup- 
ply the steam tractor with water. If the 
threshing was done from shocks in the 
field, two or three more men were need- 
ed to pitch bundles of grain onto horse- 
drawn hayracks, each of which had a 
driver, and often another man or two 
men were needed to pitch bundles into 
the separator. The crew for a farm of 
medium size would run to about a doz- 
en workers. Those who were not in the 
family and not living nearby could sleep 
in the barn, but they all had to be fed. 
Cooking for them was the ultimate test 
of the farm housewife. 


AX/ oe War II was the impetus for 
the virtually complete transition 
to mechanization. This was the second 
American agricultural revolution: the 
change from animal power to mechani- 


cal power. The war was not the only 
factor leading to change. In the 1930’s 
the farm programs of the New Deal had 
enabled some farmers to replace worn- 
out machines with new models. The ru- 
ral-electrification program had brought 
a major new source of power to many 
farms (and eventually to nearly all of 
them). With electricity farmers could 
run useful devices of all kinds, including 
not only electric lights but also milking 
machines, feed grinders and pumps. It 
took the war, however, and the accom- 
panying shortages of farm labor, high 
prices for farm products and an enor- 
mous demand for those products to con- 
vince nearly all American farmers to 
turn to tractors and related machines. 

In general American farmers have 
adopted a new technology on a large 
scale only when it has been developed 
and tested at a time of favorable eco- 
nomic conditions. The early inventions 
often began in the shops of farmer-me- 
chanics, but the testing, improving and 
selling were done by the manufactur- 
ers of farm implements. Later on engi- 
neers at the land-grant universities and 
at the Department of Agriculture built 
the prototypes of new machines; again, 
however, the manufacturers did the test- 
ing, perfecting and distributing, as well 
as some of the inventing. The land-grant 
universities, the agricultural-experiment 
stations and the extension services have 
had another essential role: they have ed- 
ucated farmers in the advantages of the 
machinery and in the way farm work 
should be adjusted to exploit it fully. 

New machines were only one aspect 
of the second agricultural revolution; 
mechanization and many other changes 
constituted a package of practices, or 
what has been called the systems ap- 
proach to the improvement of agricul- 
tural productivity. The other changes 
included the controlled application 
of lime and fertilizer, soil-conservation 
techniques such as the planting of cover 
crops, irrigation where necessary, the 
creation of improved varieties of plants 
and breeds of animals, the adoption of 
hybrid corn, the formulation of more 
balanced feeds for livestock, the more 
effective control of insects and diseases 
and the use of chemical weed killers and 
defoliants. The effects of these practices 
on agricultural output were dramatic. In 
many respects rural life was affected just 
as profoundly because of the consolida- 
tion of farms and the sharp decline in 
the farm population. 

The production of sugar beets is a 
good example of laborsaving through 
mechanization and the development of 
anew type of seed. Before World War II 
the sugar-beet farm had a few machines 
and specialized implements, including 
horse-drawn seed drills, cultivators, lift- 
ers (for pulling up the plants) and wag- 
ons, but hand operations dominated 
thinning in the spring and harvesting in 
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FARM LOCOMOTIVE ENGINE was one of the earliest steam tractors; it became.available 
in about 1860. The railed area at the back is a fuel bunker. The one-wheel rig at the front is the 
steering apparatus; an operator sitting on the board seat turned the single wheel by means of 
the vertical handle in front of the seat, causing the front wheels of the tractor to turn. Another 
man ran the boiler. A third man was probably needed to keep the boiler supplied with water. 


the fall. The work was generally done by 
migrant laborers. In the 1930’s the Cali- 
fornia Agricultural Experiment Station 
at Davis and the Bureau of Agricultur- 
al Engineering of the Department of Ag- 
riculture began a cooperative research 
effort aimed at developing a combine 
for sugar-beet harvesting, that is, a ma- 
chine that would lift the plants, remove 
the tops and load the beets in one pass 
down the row. Over a period of years 
several devices were developed to do 
one part of the job or another; the ideas 
were turned over to private manufac- 
turers, who carried on the work. By 
1958 two major types of harvester were 
being manufactured. In that year the en- 
tire sugar-beet crop was harvested me- 
chanically, compared with only 7 per- 
cent in 1944. 





The task of thinning out the weaker 
plants was tackled both mechanically 
and by modification of the seed. In 1941 
some multigerm seeds, which ordinarily 
give rise to a cluster of several plants, 
were sheared into segments and planted; 
many of them produced only one plant, 
greatly diminishing the need for thin- 
ning. Sheared seeds were adopted by a 
number of growers. In 1954, however, a 
better solution was made available with 
the release to growers of the first mono- 
germ seeds. Today, with the precision 
planting of monogerm seeds and the use 
of a mechanical thinner, the production 
of sugar beets in the U.S. is completely 
mechanized. The growers have become 
independent of migrant labor. 

The migrant-labor problem was also 
back of the research leading to a me- 


FROELICH TRACTOR, made by John Froelich of Iowa in 1892, was the first practical self- 
propelled gasoline tractor. It was also the first to propel itself both forward and backward. 
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chanical tomato harvester. Much of the 
tomato crop in California had been 
picked by Mexican laborers who en- 
tered the U.S. under the terms of the 
Bracero program. When the program 
was ended in 1964, growers reported 
it was not possible to recruit USS. citi- 
zens to do the work. Some labor lead- 
ers disputed this view, but the contro- 
versy was effectively ended by the suc- 
cessful mechanization of the harvest. 

The application of machinery to to- 
mato picking required the convergence 
of two lines of work, both carried on at 
the California Agricultural Experiment 
Station at Davis. One achievement was 
the breeding of a new variety of tomato 
plant by Gordie C. Hanna. With appro- 
priate amounts of fertilizer and water 
the plants of this variety set an abundant 
crop of fruit, and all the fruit ripens at 
about the same time, so that an entire 
field can be harvested at once. Further- 
more, the fruit can withstand machine 
handling. 

The harvesting machine itself was de- 
vised by Coby Lorenzen, Jr. It cuts the 
plants at ground level, lifts them into a 
compartment and removes the fruit by 
shaking the vines. A belt then carries the 
tomatoes past a crew riding on the ma- 
chine, who remove green fruit and clods 
of dirt. The first tomato harvesters had a 
capacity of from eight to 12 tons per 
hour. A total crew of 12 handled about 
the same amount of fruit that could be 
harvested by 60 people picking manual- 
ly. In 1963 only 1.5 percent of the toma- 


‘toes grown in California for processing 


were harvested by machine; by 1968 the 
fraction was 95 percent, and now it is 
virtually 100 percent. Moreover, the 
crew on the machine has been reduced 
to three or four. 


he mechanization of cotton harvest- 

ing has affected even more people. 
The first device, the cotton stripper, re- 
moved the bolls from the plant. It came 
into wide use in Texas in 1926 but was 
reasonably satisfactory only in certain 
areas. In 1928 John D. Rust and Mack 
D. Rust of Texas patented a spindle pick- 


-er, which pulled the cotton fibers from 


the boll by wrapping them around spin- 
dles. The spindle picker gained accept- 
ance slowly until World War II, when 
high demand and high prices for cotton 
stimulated manufacturers to build more 
machines. Even so, less than 10 percent 
of the cotton crop was harvested by ma- 
chine in 1949. By 1969, however, the 
fraction was at least 96 percent. In the 
same period improvements in land prep- 
aration, planting techniques, the appli- 
cation of fertilizers and the control of 
water, weeds and pests increased the 
average yield of upland cotton from 
about 300 pounds of lint per acre to 
more than 500. Most of the drudgery 
had been eliminated from cotton farm- 
ing. In 1945 about 42 man-hours were 
needed to produce 100 pounds of cot- 


ton in the U.S., but by 1975 the same 
output was being achieved in only two- 
thirds of a man-hour. 

The sharp gain in productivity has re- 
duced by several hundred thousand the 
number of workers needed on American 
cotton farms. One effect of the dimin- 
ished need for manpower has been the 
virtual end of sharecropping, which had 
long been considered detrimental to the 
sharecroppers, the owners and the land. 
Those farmers who continue to raise 
cotton have benefited from a rise in 
the rural standard of living and from 
a lessening of racial discrimination. 
On the other hand, many of the dis- 
placed sharecroppers and laborers have 
found few opportunities for alternative 
employment. 

Not long after they had invented the 
spindle picker the Rust brothers recog- 
nized that the machine could put “75 
percent of the labor population out of 
employment.” They were unwilling to 
see that happen and resorted to one plan 
after another to prevent it. Their ideas 
included adapting the machine to small 
farms, marketing it with restrictions on 
how it could be deployed, selling it only 
to community farming projects orga- 
nized as cooperatives and setting apart 
some of their profits to assist displaced 
cotton farmers. None of the schemes 
proved practical, however, and all of 
them were swept aside when the effects 
of World War II brought several more 
companies into the business of manu- 
facturing cotton harvesters. 


nother agricultural technology that 
has changed greatly in the past few 
decades is irrigation. A person flying 
from east to west across the U.S. can see, 
beginning at the line of 100 degrees lon- 
gitude or just beyond it, one circular 
field after another, extending from Tex- 
as to North Dakota. The circles result 
from one of the newest developments 
in irrigation: the center-pivot sprinkler, 
an almost totally automatic system. The 
sprinkler is a long pipe with nozzles at 
intervals along its length; the pipe is 
mounted on wheels and pivots around 
the center of the field, tracing out a cir- 
cular area over the crop plants. The sys- 
tem is propelled by water turbines or 
electric motors. One center-pivot sprin- 
kler irrigates a circular area of about 
133 acres. 

The center-pivot system is far re- 
moved from the ditch built by the first 
Mormon pioneers in Utah to divert wa- 
ter from City Creek to their fields. This 
first instance of modern irrigation agri- 
culture was based on early irrigation 
systems developed by the Indians of the 
Southwest long before the arrival of Eu- 
ropeans. Mormon settlers moving from 
Utah into parts of Arizona, Colorado, 
Idaho, Nevada and New Mexico took 
their cooperative irrigation practices 
with them. The technology was soon 
adopted throughout the West. Streams 


were dammed and the stored water was 
carried by ditches to leveled land to 
increase productivity far beyond what 
was possible with natural rainfall. 

The streams and the amount of water 
available were severely limited in most 
parts of the West. In addition irrigat- 
ing with surface water moved by gravity 
was a task demanding many hours of 
heavy labor as the irrigator attempted to 
control the movement of the water over 
his fields. After World War II the use of 
movable aluminum pipes aided in this 
task. The supply of water has been aug- 
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mented in many parts of the West, nota- 
bly in Texas and Nebraska, by massive 
pumping from relatively shallow wells 
reaching supplies of ground water built 
up over hundreds of years. The water 
is usually distributed over the land by 
some type of sprinkler system, of which 
the center pivot has proved to be one of 
the most efficient. The prototype of this 
device was built in 1949 by Frank Zy- 
bach, a Colorado tenant wheat farmer. 

The major disadvantage of the center- 
pivot system drawing on well water in 
the arid West is that the supply of under- 






EVOLUTION OF THE TRACTOR is shown by this model of the 1930’s. The front wheels 
were spaced to pass between two rows of plants and the rear wheels to straddle the rows. 





MODERN TRACTORS are exemplified by this four-wheel-drive Deere model, which can 
develop almost 300 horsepower at an engine speed of 2,100 revolutions per minute. The trac- 
tor is articulated: it turns by bending at a center hinge while the wheels remain parallel to the 
frame. With this arrangement the rear wheels always follow the same path as the front ones. 
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ground water is limited. Indeed, in some 
parts of Texas farmers have exhausted 
the supply and can no longer irrigate 
their lands. In an attempt to conserve 
steadily decreasing supplies of available 
water suitable for irrigation some farm- 
ers are turning to “trickle” or “drip” irri- 
gation. Instead of sprinkling or moving 
the water in open ditches over the sur- 
face of the field, pipes deliver small 
quantities of water directly to the plants. 
The system is expensive to install, but 
it reduces evaporation and also cuts 
sharply the amount of labor needed for 
irrigation. 

The second American agricultural 
revolution also saw mechanization and 
related practices extended to animal 
husbandry, particularly in the produc- 
tion of eggs and broilers, milk, hogs and 
cattle. Poultry production had led the 
way earlier, with the development of 
practical incubators and brooders in 
the 1870’s. The incubators replaced the 
hen in providing constant warmth to the 
eggs until they hatched and the brood- 
er provided warmth and shelter for the 
chicks. In the 1920’s it became possible 
to produce both eggs and broilers in 
confinement when it was discovered that 
vitamins added to the diet would help to 





HIGH-CAPACITY FAN 





keep the chickens healthy. After World 
War II vaccines were developed for sev- 
eral poultry diseases and antibiotics 
were added to the feed. At about the 
same time automatic devices for deliv- 
ering food and water to the confined 
birds were brought to market. Today 
virtually all eggs and broilers are pro- 
duced from poultry confined in highly 
mechanized quarters. 

Dairying keeps the farmer at home 
because cows must be milked twice a 
day. Milking machines had been devel- 
oped by World War I, but they were not 
widely adopted until after World War 
II. Since then hand milking has come to 
an end in commercial dairying. Most 
dairy barns are also equipped with pipe- 
line systems, eliminating the carrying of 
the milk. In addition a modern dairy 
barn is equipped with automatic indi- 
vidual drinking cups, power systems for 
carrying feed to the cows and automatic 
barn cleaners, which scrape the gutters 
behind the cows at the push of a button. 
Electricity provides the power for the 
automated dairy barn. 

Hogs have been taken out of the tra- 
ditional mud wallow on many farms. 
They are raised in pens on easily cleaned 
concrete floors or wood slats. Water and 
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feed are regularly delivered to each pen 
mechanically. 

The mechanization of cattle feedlots 
has been one of the most spectacular 
developments in meat production since 
World War II. Thousands of cattle to be 
fattened are brought together in a com- 
paratively small space. Carefully for- 
mulated feed is mixed mechanically and 
delivered to them in mechanized carri- 
ers and dispensers, and a constant sup- 
ply of water is available. Studies have 
shown that this method of fattening live- 
stock is efficient, but it has certain disad- 
vantages. The runoff from rain falling 
on the densely populated lots pollutes 
streams, and the large quantities of ma- 
nure accumulating in the area can pre- 
sent health hazards. Although efforts 
are being made to solve these problems, 
their solution is still in the future. 


he process of mechanization is un- 

likely to be reversed once it gets un- 
der way. Mechanization demands better 
farm management for the efficient utili- 
zation of capital-intensive equipment. 
Because some farms will be managed 
more efficiently than others there will 
continue to be widening differences 
among farms in size, production and in- 










COTTON HARVESTER represents the latest stage in a long proc- 
ess of mechanization in cotton growing. It is a self-propelled machine 
that pulls cotton fibers from the bolls by wrapping them around mois- 
tened spindles, which are then cleaned off by rotating pads called 
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doffers. The enclosed basket behind the cab holds 636 cubic feet of 
picked cotton. The detail at the upper right shows the mechanism 
of the spindles and doffers. The machine shown, made by the Inter- 
national Harvester Co., strips two rows of cotton plants at a time. 


come. Mechanization has reduced op- 
portunities for employment in farming 
and may continue to do so. 

The range of opinion on the economic 
and social effects of mechanization in 
agriculture is reflected in the comments 
of two writers, Theodore C. Byerly of 
the Department of Agriculture and Jim 
Hightower, a critic of the established 
agricultural-research institutions. A few 
years ago Byerly wrote: “Continuing de- 
velopment and application of technolo- 
gy in production of food, fiber and for- 
est products can supply the next gener- 
ation abundantly. It can enable them to 
take the actions necessary to have clean 
air, sparkling water and a green and 
pleasant world in which to live.’”’ Some 
two years later Hightower asserted that 
“in terms of wasted lives, depleted ru- 
ral areas, choked cities, poisoned land 
and maybe poisoned people, mechani- 
zation research has been a bad invest- 
pent?” .) 

Perhaps some of the contrast lies 
merely in the emphasis given, because 
Byerly also stated: “Our newly applied 
technology has brought indirect and 
sometimes unforeseen costs. Pesticides 
have been dispersed throughout our en- 


vironment. Crop adjustments [govern- 





SUGAR-BEET HARVESTER digs beets out of six rows with a set 
of digging wheels, cleans them on the cleaning bed and lifts them on 
the large wheel into a holding tank. This is a Deere harvester. Until 
after World War II the sugar-beet industry relied mostly on hand la- 


ment programs under which land was 
withdrawn from production in an effort 


~ to maintain higher prices] have left peo- 


ple without work or means of self-sup- 


‘port. Our abundance has cost the tax- 


payer in funds for supply management 
and the producer in depressed prices.” 
And Hightower wrote: ‘This focus on 
scientific and business efficiency has led 
to production (and overproduction) of a 
bounty of food and fiber -products.”’ 
The hidden costs of farm mechaniza- 
tion and related changes include the de- 
cline in the farm population and in the 
number of farms, the increase in size 
and capital needed for a farm to survive, 
the disappearance of many small towns 
and the loss of rural social institutions. 
Otha D. Wearin, an agricultural colum- 
nist in Iowa, wrote in 1971: “The pro- 
ductive capacity of power machinery 
has greatly reduced the farm popula- 
tion. Occupied farming units have be- 
come fewer and fewer, and farther and 
farther apart, as producers with power 
machinery reach out for more and more 
land to justify their investment. Country 
churches, country schools, country soci- 
ety and small country towns have suf- 
fered. In fact, many of them have com- 
pletely disappeared.” The loss of some 


rural institutions has been offset in part 
by improved transportation, but the full 
significance of these changes has not 
been assessed. 

Golden Valley County in Montana, 
where I lived on a ranch until my fami- 
ly’s business was wiped out by the De- 
pression, illustrates some of these prob- 
lems. It is still rural, with no industry 
and with almost no corporation farm- 
ing (except for family enterprises that 
are legally classified as corporations). In 
1925, the first year for which census 
data are available, the county had 492 
farms with an average size of 637 acres. 
In 1978 there were 139 farms averaging 
4,693 acres. Thus the area under cultiva- 
tion had doubled, whereas the number 
of farms had been reduced by two- 
thirds. The county had 2,126 inhabitants 
in 1930 and 931 in 1970. The small in- 
crease to 1,026 in 1980 was attributable 
to the founding of a controversial reli- 
gious colony. In 1925 the county had 
two banks, two newspapers, two small 
hospitals, three practicing physicians, a 
through railroad line and a creamery. 
By 1980 all these were gone. One of 
the three high schools had been closed. 
There is no extension agent from the 
state agricultural college. The county 


bor, particularly for thinning beets in the spring and harvesting them 
in the fall. Now, with machines for planting, thinning and harvest- 
ing, sugar-beet production in the U.S. is fully mechanized. Mono- 
germ seeds, each of which produces a single plant, helped the process. 
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GAINS IN PRODUCTIVITY in agriculture and corresponding de- 
clines in farm manpower are charted from 1880 for the U.S. farm 


has yet to acquire a radio or television 
station. On the other hand, the roads 
have been much improved since 1930. 


| ees the major economic benefi- 
ciary of farm mechanization is the 
consumer of agricultural products. Ex- 
penditures for food as a percentage of 
consumer income have been declining 
since World War II and are substantially 
lower in the U.S. than they are almost 
anywhere else in the world. Foreign con- 
sumers too have come to rely on the 
American farmer. 

Farmers have seen their disposable in- 
come increase from $840 per person in 
1950 to $6,553 in 1980. For nonfarm 
people the corresponding amounts are 
$1,455 and $8,042. In 1950, however, 
about 31 percent of farm income came 
from such nonfarm sources as teaching 
school, driving a bus, selling insurance 
and working in a store or a factory. By 
1980 the share of farm income from 
nonfarm activities.had risen to 63 per- 
cent. Farm income from farming has 
generally not kept pace with increases in 
productivity. | 

Mechanization has been the key rea- 
son (but not the only one) for the in- 
crease in total production and the high- 
er productivity per man-year that have 
characterized agriculture in the USS. 
The output of wheat has risen from 314 
million bushels in 1875 to 669 million in 
1925 and to 2.4 billion in 1980. Since 
1950 the yield of wheat has increased 
from 16.5 to 33 bushels per acre, of corn 
from 38 to 91, of soybeans from 22 to 
27. The yield of potatoes has risen from 
153 hundredweight per acre to 261. The 
Output per man-year in agriculture has 
improved at a rate of nearly 6 percent 
per year, compared with 2.5 percent for 
all other industries. 

The number of farms in the U.S. de- 
clined from 6.5 million in 1920 to 5.6 
million in 1950 and to 2.4 million in 
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1980. By now the subsistence farmer has 
almost disappeared from the country- 
side except for people who have taken 
up that way of life not out of necessity 
but by choice. Today’s farmer produces 
for the market rather than for home 
consumption. 

The farm population and the number 
of farm workers have declined with the 
decrease in the number of farms. In 
1950 there were 23 million people on 
farms and 9.9 million farm workers; in 
1980 the corresponding numbers were 
six million and 3.7 million. An impor- 
tant question is what has happened to 
the displaced farm population. In earlier 
times surplus farm workers supplied 
much of the manpower needed for the 
industrialization of the economy. Since 
the second American agricultural revo- 
lution many of the displaced farm peo- 
ple have gone to the cities, often to an 
impoverished and bleak situation. Oth- 
ers are now among the rural poor. 

Another important question is wheth- 
er or not American society should toler- 
ate or even encourage the persistent ero- 
sion of the farm population. Mechani- 
zation has helped to keep the family 
farm viable by. enabling the family to 
work the acreage needed for an econom- 
ically sound unit. On the other hand, the 
investment now required to establish a 
new farm makes it almost impossible 
for a young family to enter farming un- 
less they can continue on a farm that is 
already in the family. Even the estab- 
lished farmer finds it difficult to finance 
the purchase of additional land and new 
equipment. 

Who should be responsible for plan- 
ning for the workers who might be dis- 
placed by new technologies? Certainly 
not the inventors and technologists. The 
country cannot continue to maintain ag- 
ricultural production at a satisfactory 
level if research is halted. Henry A. Wal- 
lace addressed this question in 1940, 
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population (a), the number of farms and their size (5) and the number 
of people supplied with food and fiber by each worker on a farm (c). 


when he was Secretary of Agriculture 
and when research was under attack as 
adding to farm surpluses. ‘Science, of 
course, is not like wheat or automo- 
biles,” he said. “It cannot be overpro- 
duced.... In fact, the latest knowledge 
is usually the best. Moreover, knowl- 
edge grows or dies. It cannot live in cold 
storage. It is perishable and must be 
constantly renewed.” 

Nor should the manufacturers and 
suppliers of agricultural equipment be 
expected to decide whether or not a 
particular technology should be made 
available if it might force some people 
out of work. The Rust brothers found 
that such restraints did not work with 
their cotton picker. The answer is not 
to limit research or stop the production 
and use of new machines, even though 
some changes in emphasis may be ap- 
propriate for research done with public 
funds. Farmers and their families today 
live longer and healthier lives at least in 
part because of the mechanization of 
American agriculture. Whatever solu- 
tion may be found to the problem of 
disemployed farm workers, it would 
hardly be humane to return them to 
dawn-to-dusk labor chopping cotton, 
thinning beets or flailing grain. 


ve the early 1980’s there are some indi- 
cations that agricultural productivity 
may have reached a plateau. At least it is 
not increasing at the rate that prevailed 
from 1950 to 1980. The number of com- 
mercial farms is still declining, but the 
rate of decline is lower than it was over 
the past 30 years. Approximately the 
same total acreage is being farmed. 
What is most surprising, the rural pop- 
ulation has increased faster than the 
urban population in the past 10 years. 
Many of the people who have left the 
cities are actually living a suburban life 
in areas formally classified as rural, but 
there may have been a slight increase in 


the number of people living on farms. 

With one exception, no major further 
advances in the mechanization of agri- 
culture are now in sight. Indeed, if the 
future can be judged by the past, no 
major change will take place until a 
new source of power comparable to the 
horse and the internal-combustion en- 
gine is adapted to agriculture and adopt- 
ed by farmers. One can expect work- 
ers in agricultural research and man- 
ufacturers to continue advancing the 
technology by improving old machines 
and designing new ones, particularly 
machines that reduce the demand for 


human labor and those that substi-. 


tute technology for land. These achieve- 
ments will depend in part on a revival of 
agricultural research, which for several 
years has felt the effects of declining ex- 
penditures in both the public and the 
private sectors. 

The one exception is the application 
of computers to farm management, 
which is already under way and seems 
likely to have a powerful influence. The 
computer should lead to more efficient 
management of machines and energy 
and should help in other farm opera- 
tions such as cost accounting, mixing 
feed and deploying fertilizers and other 
resources efficiently. Some farmers now 
have computers of their own, and many 
others have access to computer systems 
through their county agricultural agent. 
Packages of computer programs have 
been developed to meet the needs of 
farmers in particular states and commu- 
nities, and one major computer manu- 
facturer is introducing hardware and 
software designed to serve small farms. 

What might a mechanized American 
farm be like in, say, 2020? First, it will be 
a large, commercial enterprise operated 
by a family. It is becoming increasingly 
evident that the family farm has sever- 
al advantages over the corporate farm, 
particularly because the family provides 
all or most of the labor, directly super- 
vises the hired workers and has the pos- 
sibility of deferring profits. Second, the 
internal-combustion engine will still be 
the primary source of power unless 
solar energy has been effectively har- 
nessed. Third, additional mechanization 
will have further reduced farm drudg- 
ery. Machines and automated systems 
may be available for harvesting fruits 
and vegetables that in 1982 are still 
picked by hand, for transplanting plants, 
for adjusting the flow of irrigation water 
to individual fields and perhaps even 
for mending fences. Fourth, the exten- 
sive application of computers will have 
made the farm considerably more effi- 
cient. Finally, the farmer and his family 
will enjoy virtually all the amenities of 
the city-dweller while still having the 
feeling of being a group apart that works 
with soil, water and seed to provide 
large numbers of other people with a 
plentiful supply of food. 
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ADVENT OF COMPUTERS in agriculture, which is just beginning, holds the promise of 
greater efficiency in managing machines and energy and in operations such as cost accounting, 
deploying fertilizer and mixing feed. A printout like the one shown can be transmitted to a 
farmer’s computer terminal after he has sent a sample of soil to a laboratory to be analyzed. 
OM in the analysis means organic matter; most of the other amounts are in parts per million. 
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The Mechanization of Mining 


Today more than 80 percent of the mineral needs of the U.S. economy 


ate met by only I percent of the labor force. Here the mechanization 


of mining 1s examined 1n terms of its effect on the mining of coal 


by Robert L. Marovelli and John M. Karhnak 


ining has long been perceived 
M as hard, dirty and dangerous 
work. It is also the preeminent 
materials-handling industry, and _ its 
products are extracted from the earth 
in enormous quantities. The work was 
once done with pick and shovel, and 
gains in productivity were achieved by 
increasing the tonnage of material one 
man could dig in a working day. Now 
the capabilities of the individual miner 
are greatly amplified by machines and 
systems of machines. The changes in 
technology not only have raised produc- 
tivity but also have had a pronounced 
effect on the health and safety of miners. 
Various energy sources have long 
been exploited to augment human labor 
in mining. Animals provided power to 
operate pumps for mine drainage and 
bellows for ventilation. They also trans- 
ported ore horizontally through the un- 
derground workings and hoisted it to the 
surface. Water power, applied through 
ingenious systems of gears, spindles and 
shafts, often took over some of the same 
tasks. Thermal energy from wood fires 
was employed to heat rock surfaces, 
which subsequently shattered when they 
were chilled with water. This technolo- 
gy was described in detail in 1556 by 
Georgius Agricola in his treatise De Re 
Metallica. 
The development of the steam engine 
early in the 18th century set the stage 
for the true mechanization of mining. 


For the first time the mining of coal 
and ores could be carried to great depth 
and horizontal extent with enough pow- 
er for drilling, cutting, loading, hauling 
and hoisting as well as for pumping wa- 
ter from the mine and providing ade- 
quate ventilation. Mines are not facto- 
ries, however, and advances in produc- 
tivity tend to come slowly and at high 
cost. Many promising machines have 
proved inadequate and unreliable under 
actual mining conditions. 

The greatest gains in mine mechaniza- 
tion came in a burst of innovation fol- 
lowing World War II, when robust new 
machines were developed, along with 
new methods for deploying them. It is a 
tribute to such mechanization that to- 
day more than 80 percent of the mineral 
needs of the U.S. economy can be met 
from domestic sources with the work of 
less than 1 percent of the labor force. 


true measurement of productivity 
calls for a complex analysis of capi- 
tal and labor costs; in mining geologi- 
cal factors such as mineral quality and 
accessibility must also be considered. 
Rapid and often unpredictable changes 
in these factors further complicate the 
analysis. Nevertheless, productivity ex- 
pressed in terms of yield per unit of la- 
bor input is an important measure of 
overall mining efficiency and is the one 
we shall use in this article. 
The effects of mechanization on pro- 


BUCKET-WHEEL EXCAVATOR exemplifies the large and costly machines that have been 
introduced into coal mining in recent decades. The excavator is one of two such machines at 
the Captain Mine in southwestern Illinois. The mine is owned by the Arch Mineral Corpora- 
tion and has an annual output of 4.5 million tons of coal. One of the excavators removes the 
first one or two feet of topsoil; the machine shown strips off the next 15 to 20 feet of earth. The 
material removed by the two machines is carried more than 8,000 feet by belt conveyors and 
held in separate piles for eventual restoration of the mined-out land. (State and Federal regula- 
tions require that the land be restored to its approximate original contours and, if it was farm- 
land, that there be no loss of agricultural value.) Still more overburden is excavated by shovels 
and draglines before the first coal seam is reached some 85 feet below the surface. Another 24 
feet of earth is then stripped off to gain access to a second seam. The two seams have a total 
thickness of about 10 feet. Almost 60 percent of the man-hours at the mine are spent in re- 
moving the overburden and reclaiming the land and only about 40 percent in mining the coal it- 
self. The excavator is built in West Germany by O & K Orenstein & Koppel Aktiengesellschaft. 


ductivity and on working conditions are 
deeply intertwined. In coal mining, 
which is by far the largest segment of the 
mining industry in the U.S., productivity 
showed only small improvement until 
1950. It then climbed sharply, reach- 
ing a peak in 1970 from which it has 
since fallen back (for reasons we shall 
describe). Reliance on human muscular 
exertion has been greatly reduced. Fa- 
talities in mine accidents, which routine- 
ly exceeded 2,000 per year until 1930, 
have been cut by a factor of more than 
10. Over this period, however, some 
hazards to the underground miner’s life 
and health were actually increased by 
new machinery. A shift to surface min- 
ing, or strip mining, since World War II 
has helped greatly to reduce the number 
of mine fatalities both because surface 
mining is inherently safer than under- 
ground mining and because the higher 
productivity of surface mining has low- 
ered the number of workers at risk. 

In 1925 some 588,000 men, about 1.3 
percent of the nation’s labor force, were 
needed to mine 520 million tons of bitu- 
minous coal and lignite, almost all of it 
from underground. Last year produc- 
tion was up to 774 million tons, but 
the work force had been reduced to 
208,000. Furthermore, only 136,000 of 
that number were employed in under- 
ground mining operations. The highly 
mechanized and highly productive sur- 
face mines, with just 72,000 workers, 
produced 482 million tons, or 62 per- 
cent of the total. 

Last year approximately 765,000 men 
and women were broadly classified as 
miners, but 300,000 of them, or roughly 
40 percent, worked in oil and gas fields 
and so were miners by definition only. 
The 208,000 coal miners constituted 
roughly half of the remainder; another 
93,000 were engaged in nonmetal min- 
ing and quarrying, and some 57,000 
mined a variety of metallic ores (chiefly 
iron and copper). In addition 107,000 
were employed in mills and shops asso- 
ciated with mines; these employees too 
are Classified as miners, although office 
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workers are not. This work force satis- 
fied 83 percent of the nation’s demand 
for fossil fuels on an energy basis and 
nearly 90 percent of the demand for all 
other minerals on a dollar basis, the only 
common denominator for that diverse 
category. (Of the 56.4 1015 British 
thermal units of energy derived from 
domestic fossil fuels in 1981, coal sup- 
plied 28.4 percent, petroleum 36.6 per- 
cent and natural gas 35.0 percent. The 
nation’s expenditure for all fossil fuels 


last year was $260 billion, including 
$77 billion for imported oil; the value of 
coal at the mine was about $20 billion.) 

Last year’s production of 774 mil- 
lion tons of bituminous coal and lignite 
exceeded preliminary estimates of the 
combined tonnages of the next three 
minerals in greatest demand: iron ore 


. (246 million tons), copper ore (306 mil- 


lion tons) and phosphate rock (203 mil- 
lion tons). Of materials removed from 
the earth coal was exceeded in tonnage 


only by crushed and broken stone (873 
million tons). If account were taken of 
the huge mass of earth and rock that had 
to be removed to gain access to the 482 
million tons of coal produced by surface 
mines last year (estimated at 10 tons of 
overburden for each ton of coal), the 
coal industry would far surpass all other 
industries in mass of material handled. 

Today few minerals are mined pri- 
marily underground and most of those 
are of low tonnage. The principal metal- 
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OUTPUT OF U.S. MINING INDUSTRY is dominated by coal: 
825,700,000 tons of bituminous coal and lignite in 1980, the most re- 
cent year for which a comparison with other mineral products can be 
made. The bars for the other minerals show the total tonnage of mate- 
rial handled, including waste (gray), and the net amount of usable 
crude ore recovered (color). Although comparable data are not col- 
lected for coal, the tonnage of waste material handled in surface min- 
ing, which accounted for 60.1 percent of the total production, prob- 


64 


ably exceeded 4,000 million tons. This unrecorded tonnage repre- 
sents the great overburden of earth and rock that had to be removed 
to get at coal seams lying as much as 200 feet below the surface. Not 
shown are two high-volume but low-value products of the mining 
industry: sand and gravel (794 million tons) and crushed and broken 
stone (1,060 million tons). Compared with coal, the 1980 domestic 
production of petroleum was about 570 million tons (3.7 billion bar- 
rels) and of natural gas 450 million tons (20.1 trillion cubic feet). 


lic ores obtained entirely or in large part 
from underground sources are antimo- 
ny, lead and tungsten (from 98 to 100 
percent underground), molybdenum (62 
percent) and silver (60 percent). Among 
nonmetals only three major substances 
are extracted primarily by underground 
mining: potassium salts, sodium chlo- 
ride and natural sodium carbonate. The 
number of American miners who spend 
their working days belowground does 
not exceed 160,000, and about three- 
fourths of these are coal miners. The 
variety and the quantity of materials 
obtained by surface mining are much 
greater. About 95 percent of all metallic 
ores and 75 percent of all crude nonme- 
tallic ores come from surface mines. 


ta the surface mining of iron and 
copper ore improvements can be at- 
tributed chiefly to economies of scale: 
larger earth-moving machines, larger 
drill holes for blasting and larger shov- 
els for loading larger trucks. In describ- 
ing productivity in the mining of iron 
ore, however, one must distinguish be- 
tween the output of crude ore and the 
output of usable ore. In copper mining 
the distinction is made between tons of 
crude ore and tons of recoverable metal. 
In both cases greater productivity in the 
mining of crude ore has been partially 
offset by a decline in the metal content 
of the crude material. Since 1952 the 
output of crude iron ore in long tons per 
man-year (the traditional measure in 
that industry) nearly quadrupled from 
about 3,600 to 12,700. Over the same 
period the output of usable ore in- 
creased about 50 percent, from 2,750 
to 4,200 long tons per man-year. The 
peak of 5,200 long tons came in 1972. 
Productivity gains in copper mining 
over the same period were substantially 
lower. Between 1950 and 1981 the out- 
put of crude ore per man-year increased 
from about 3,700 short tons to a little 
more than 9,000, but the output of re- 
coverable metal rose at a much lower 
rate, from 35 tons to 50 tons per man- 
year. In 1950 each ton of copper ore 
mined yielded an average of 19 pounds 
of copper; by 1981 the average yield had 
dropped to about 11 pounds per ton. 
In open-pit copper mining there are 
three basic operations: drilling blast 
holes, loading trucks and hauling the 
ore. An industry analysis has shown that 
the smallest productivity increase has 
been achieved in hauling, even though 
trucks of much greater capacity are now 
in operation. The reason is that as the pit 
is made larger and deeper the ore must 
be hauled and lifted farther. It appears 
that economies of scale have reached a 
temporary plateau in open-pit copper 
mining. The industry expects that future 


gains can be made with the aid of com- | 


puters to improve the coordination of 
the mining system, by the use of self- 
propelled scrapers and crushers and by 
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HISTORY OF COAL MINING in the U.S. since 1925 is marked by sharp swings in demand 
and in the size of the work force (color). The biggest change, however, has been the shift away 
from underground mining since World War II. As late as 1945 some 94 percent of the nation’s 
383,000 miners worked in underground mines. Today there are only about 208,000 miners, 
and fewer than two-thirds of them labor underground. In the late 1920’s the average miner 
produced about 950 tons of coal per year. The present output is about 3,700 tons per man-year. 
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PRODUCTIVITY PER MAN-DAY in coal mines crept upward at a rate of only 1.6 per- 
cent per year between 1925 and 1950. In the next 20 years, however, with the introduction of 
continuous mining machines belowground and of larger earth-moving machinery in surface 
mines, output per man-day climbed at an annual rate of 5.3 percent. Some of the productivity 
gains have since been lost, partly because of Federal legislation designed to improve miners’ 
health and safety. After 1974 surface-mine productivity fell sharply for a number of reasons, 


including land-reclamation laws. In the past three years productivity has begun to rise again. 
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adopting belt conveyors for difficult 
long hauls. 

Mechanization in coal mining can be 
traced almost to the beginning of the 
industry. Some of the first steam en- 
gines were put to work pumping water 
from mines, and they were later applied 
to mine ventilation and the transport of 
men and materials from the surface to 
the mine-working level. A few steam- 
powered drills and haulage locomotives 
were used underground, but they were 
soon replaced by devices driven by com- 
pressed air. Beginning in 1888 electrici- 
ty became available in the mines, sup- 
plying light and power for machinery. 
By the early 1900’s power equipment 
was commonplace in American coal 
mines for a number of operations, in- 
cluding the drilling of blast holes and 
the undercutting of the coal face in prep- 
aration for blasting. By the end of World 
War II 90 percent of the coal mined in 
the U.S. was undercut by machine. 





In spite of early progress in the mech- 
anization of underground coal mining, 
the improvement in productivity in the 
first half of the 20th century was far 
from dramatic. In 1897 a man with a 
pick and shovel could mine three tons of 
coal per day. In 1925 the average min- 
er’s output in a somewhat shorter work- 
ing day was 4.5 tons. By 1945 productiv- 
ity had increased by only a little more 
than 10 percent, to five tons per man- 
day. In comparison the gains since then 
have been remarkable. In 1969 produc- 
tivity briefly reached 15.6 tons of coal 
per man-day, and the work force re- 
quired by underground mining opera- 
tions had shrunk to 99,000. 


he decline in productivity in the. 


1970’s can be attributed to several 
factors. The low point of 8.4 tons per 
man-day came in 1978, and employ- 
ment in underground mining rose in 
proportion (to 160,000). One important 


cause was unquestionably the institu- 
tion of more stringent safety regula- 
tions; another was labor strife. The di- 
minishing quality of the accessible re- 
sources also contributed: in all forms 
of mining the most accessible deposits 
are worked first, and so mining tends in- 
evitably to become more expensive as 
it is extended deeper into the earth or 


to more distant sites. Some mine opera- 


tors contend that mechanization itself is 
a third cause of lowered efficiency; re- 
liance on larger but fewer machines, 
they point out, makes the mining opera- 
tion more susceptible to interruption 
as a result of breakdowns. Whatever 
caused the loss of coal productivity, the 
recent recovery has brought it up to 
about 10 tons per man-day. 

Strip mining, with its potential for 
mechanization on a vast scale, grew lit- 
tle until World War II. Between 1925 
and 1941 the output of surface mines 
increased only slowly, from 3.2 percent 


ROOM-AND-PILLAR MINING has been the standard method of 
underground coal mining in the U.S, since the 19th century. The 
rooms are empty areas from which coal has been removed; the pil- 
lars are blocks of coal from 40 to 80 feet on a side, left standing to sup- 
port the roof of the mine. In the final stage of the mining of a seam 


the coal in the pillars can be extracted, allowing the roof to fall. In con- 
ventional mining, diagrammed at the left, five operations are carried 
out in sequence, Typical machines for the operations are shown at 
the right. In the first step a slot roughly six inches high and 10 feet 
deep is cut across the base of the seam by a machine with a long cutter 
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of total coal production to 9.2 percent. 
By. 1945, however, the share of coal 
coming from surface mines had more 
than doubled to 19 percent. As noted 
above, strip mines now account for 62 
percent of American coal. 

The productivity of surface mining 
has consistently been higher than that of 
underground mining. The productivity 
was about 11 tons per man-day in 1925 
and 15.5 tons in 1945. A peak of 36.7 
tons per man-day was reached in 1973. 
As in underground mining, a substantial 
decline followed. New requirements im- 
posed on mine operators were among 
the reasons for the decline, although in 
surface mining the requirements had to 
do not so much with safety as with the 
restoration of the mined lands to their 
approximate original contours and agri- 
cultural quality. Productivity fell to less 
than 26 tons per man-day in 1978, but 
it has since recovered and is now ap- 
proaching 30 tons. 


RAIL CARS 


bar. A series of holes, also about 10 feet deep, are then drilled in the 
face of the coal above the slot and are loaded with explosives. The det- 
onation of from 10 to 15 pounds of explosives fractures up to 50 tons 
of coal, which spills out onto the floor of the mine. A loading ma- 
chine conveys the shattered coal into a waiting shuttle car, which 


Whereas the productivity of surface 
mining has been paced in large part by 
increases in the size and efficiency of 
earth-moving and ore-moving equip- 
ment, productivity gains in under- 
ground mining have required the intro- 
duction of new technology. This has 
been particularly true of coal mining. 
One of the principal deterrents to tech- 
nological innovation has been the geo- 
logical diversity of coal seams. In West 
Virginia coal is mined from seams as 
thin as two feet and as thick as 18 feet. 
Most of the seams are quite flat and 
many can be entered directly from the 
side of a hill. Few West Virginia mines 
are more than a few hundred feet below 
the level of surface transportation. In 
Colorado, in contrast, some mines are 
3,000 feet deep and have seams dipping 
30 degrees from the horizontal. There is 
also diversity in the size of mines, with 
output ranging from a few thousand 
tons per year to more than 15 million. 


Because coal deposits are widespread 
in the U.S. coal mining has attracted 
thousands of small operators. Between 
World War I and World War II the num- 
ber of bituminous mines ranged from 
about 5,400 to more than 9,300, with 
virtually as many mining companies. 
Today some 3,500 companies operate 
about 6,000 mines. The largest compa- 
ny, the Peabody Coal Company, mines 
no more than about 8 percent of the to- 
tal; it takes 50 of the largest companies 
to mine 65 percent. 


he typical underground coal mine in 

the U.S. is laid out in a checkerboard 
of rooms and pillars, a mining method 
dating back to the 19th century. The 
rooms are empty spaces from which 
coal has been removed. The pillars are 
blocks of coal from 40 to 80 feet on a 
side left standing to support the roof of 
the mine. The deeper the mine is, the 
larger the pillars must be. Eventually 


CUTTING MACHINE 





hauls the coal to a belt conveyor. The belt in turn carries the coal to 
the main haulage line (which can be another belt or a rail line) for 
transport from the mine. The final step is to insert a series of long 
steel bolts into the roof in order to bind the overlying layers of shale 
into a strong laminate. The sequence of operations is then repeated. 
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the coal in the pillars can be recovered 
by mining the pillars at the farthest 
point of advance and retreating to the 
mine entrance, letting the roof collapse 
in a controlled way as pillar after pillar 
is salvaged. 

A room-and-pillar mine is opened by 
excavating entry and exit tunnels in the 
virgin coal. Miners and machines are 
transported to the working faces of the 
mine by an underground railroad, which 
may also haul away the coal. The min- 
ing proceeds from multiple “entries” cut 
parallel to the main haulage lane and 
reached by cross tunnels. The sequence 
of mining operations at the coal face in 
1947 would have been familiar to a min- 
er of 1897, except for the replacement of 
muscle power by machines. 

In conventional mining the energy 
needed to dislodge coal from the seam is 
supplied by chemical explosives. In the 
1940’s American coal mines annually 
consumed almost 500 million pounds 
of explosives, about half of the amount 
used in all mining and quarrying and 
some 40 percent of all explosives sold 
for industrial purposes. (Last year the 
coal industry used an estimated 2.25 bil- 
lion pounds of explosives, which was 
half of the industrial total; 98 percent 
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of this amount, however, was consumed 
in surface mines.) To make the blast ef- 
fective a slot six to eight inches high 
and about 10 feet deep is first cut in the 
base of the seam. The undercutting is 
now done by a machine equipped with 
a movable cutter bar that resembles a 
chain saw; in 1897 a miner used a pick 
to hack out a smaller slot. The slot pro- 
vides an additional free face into which 
the coal can expand when it is blasted. 

The next step is to drill a series of 
holes into the face of the coal parallel to 
and above the slot. The holes are two 
inches in diameter and 10 feet deep, and 
they are spaced about two feet apart. 
Each hole is loaded with between seven 
and nine sticks of explosive. Ten to 15 
pounds of explosive will shatter up to 
50 tons of coal. The explosive charge is 
wired with electric blasting caps and 
detonated from a safe distance. The re- 
sulting pile of shattered coal is scooped 
up from the mine floor by a loading ma- 
chine with two crablike arms and con- 
veyed to a waiting shuttle car or other 
haulage device. By 1947 some 60 per- 
cent of underground coal was mechani- 
cally loaded. More than 10,000 animals, 
however, most of them mules, were still 
employed for haulage. 


The final step in room-and-pillar min- 
ing is to support the newly exposed roof. 
In 1947 the standard roof support was 
a framework of heavy timbers. A year 
earlier, however, a few coal mines had 
begun experimenting with roof bolts, 
which had been introduced as early as 
1927 in the mining of minerals other 
than coal. The steel bolts are commonly 
four to six feet long, and they are gener- 
ally inserted at intervals of every four 
feet in a gridlike pattern. The bolts are 
held in place either by a mechanical ex- 
pansion shell or, more recently, by poly- 
ester resin. The bolts bond the various 
rock strata overlying the coal seam to 
support the mine roof. It was by these 
methods that the average underground 
mine of 1947 achieved an output of 
five tons of coal per man-day. The most 
fully mechanized mines, with seams up 
to 11 feet thick, attained a productivity 
twice as great. 


y late 1948 the first models of a con- 
tinuous mining machine were being 
secretly tested in several mines. The ma- 
chine, which was built by the Joy Manu- 
facturing Company of Pittsburgh, re- 
moved and loaded coal from the solid 
face in one step. The original machine 









had a gang of cutter chains mount- 
ed vertically on a swiveling head; the 
chains were driven into the base of the 
coal face and then ripped the seam up- 
ward from the floor to the roof. The coal 
was carried to the rear of the machine by 
a conveyor and dropped into a waiting 
shuttle car. The Joy company stated 
that its machine could raise productivity 
in a typical mine to 15 tons per man-day. 

The industry was skeptical. Many of 
its customers paid a premium of several 
dollars per ton for coal delivered in siz- 
able chunks. If the new mining machine 
increased the fraction of small cuttings 
and “slack” (pieces less than three- 
eighths of an inch in diameter), most of 
the incentive for higher productivity 
would be wiped out. Some mining engi- 
neers also questioned the economics of 
fracturing coal by electrically driven 
machinery when that step could be done 
cheaply with explosives. At the time the 
question seemed so important that a 
continuous miner expressly designed to 
minimize the cost of fracturing coal was 
financed by an industry-supported or- 
ganization, Bituminous Coal Research, 
Inc. The machine was unsuccessful. As 
improved models of the Joy miner and 
competitive machines were developed, 


the industry’s skepticism slowly abated. 

Continuous mining machines being 
made now are larger and more powerful 
than the original Joy machine but work 
on the same principle. The main differ- 
ence is that the cutter chains have been 
replaced by a rotating drum about two 
feet in diameter and from eight to 16 
feet wide; it is fitted with steel bits tipped 
with silicon carbide cutting edges. The 
drum turns at about 60 revolutions per 
minute. It is driven into the top of the 
coal seam a distance nearly equal to its 
diameter and is then moved downward, 
shattering the coal. The fractured coal is 
pulled to the center of the face by gath- 
ering arms, then transferred by a con- 
veyor to a waiting shuttle car or to 
another conveyor. When the machine 
has advanced 20 feet or so, it is moved 
to another place and the exposed roof 
is bolted. Continuous mining machines 
were widely adopted in the late 1950’s 
and the 1960’s, and now almost two- 
thirds of all underground tonnage is ex- 
tracted in this way. 


s coal mining is extended to greater 
depths, larger pillars must be left to 
support the overlying strata. Although 
overall coal extraction can be raised 
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CONTINUOUS MINING MACHINES, which first appeared in 1948, also operate in a room- 
and-pillar mine layout. The machines fracture coal from the face of the seam and load it in a 
single step. Modern continuous miners are built in several sizes to operate in seams that range 
from two to 10 feet in thickness. The most widely adopted machines have a rotating drum 
studded with cutting bits that dig into the coal face. The drum is driven into the top of the seam 
and travels downward. Gathering arms push the fallen coal onto a central conveyor that dis- 
charges the coal onto a haulage system, such as a shuttle car or an extensible conveyor belt 
coupled to the rear of the continuous miner. After the mining machine has advanced about 20 


feet it is withdrawn and moved to another face so that the freshly exposed roof can be bolted. | 


Continuous mining machines now account for about 65 percent of all coal mined underground. 


from about 50 percent to 70 percent by 
removing the pillars in reverse sequence 
and allowing the roof to collapse, such 
retreat mining requires a great deal of 
skill and experience, and it can be more 
dangerous than other forms of mining. 
As a result an alternative to room-and- 
pillar mining has received increasing at- 
tention. It is known as longwall mining, 
and it has been practiced for many years 
in deep European mines. 

Longwall mining is a technology for 
extracting a continuous block of coal. 
The block is usually from 400 to 600 
feet across the face, and it can be as 
much as a mile long. A specialized ma- 
chine, either a plow or a shearer, travels 
along the face on a guide or track, cut- 
ting the coal and depositing it on a con- 
veyor that carries it out to a main haul- 
age junction at the end of the face. An 
essential element of the longwall meth- 
od is a system of movable roof supports 
that hold up the roof over the immedi- 
ate work area along the entire length of 
the face. As the mining machine is ad- 
vanced into the face the supports are 
advanced with it, allowing the roof be- 
hind the supports to cave in. 

Until the mid-1970’s longwall mining 
found little favor in the U.S. It had been 
tried in the Illinois coal fields as early as 
1962, but a series of failures discour- 
aged others from adopting it. In 1975 
fewer than 60 faces were in operation. In 
that year, however, a few mines in IIli- 
nois, the site of earlier failures, installed 
a new system of hydraulically operat- 
ed shield-type roof supports that had 
been developed in Europe. By 1979, 91 
longwall faces were in operation. At 
last count there were 105 active long- 
wall faces, with equipment for 21 more 
on order. In 1981 longwall mines ac- 
counted for 18 million tons of coal, or 
6.2 percent of underground production. 
According to some estimates, about 200 
longwall faces will be operating in the 
U.S. in 1985, yielding as much as 12 per- 
cent of all underground tonnage. 

High productivity is possible in long- 
wall mining. The Sunnyside Mine of the 
Kaiser Steel Corporation at Sunnyside, 
Utah, regularly extracts 2,900 tons of 
coal per day with an 11-man crew from 
a face 550 feet long, well above the aver- 
age U.S. productivity. The coal seam, 
which is nine feet thick, lies 1,500 feet 
below the surface. In one 24-hour peri- 
od earlier this year a series of crews 
working one face produced 20,384 tons 
of coal, a world record. 

The question arises of why the appar- 
ently more productive longwall tech- 
nology has not spread faster in the U.S. 
One reason is that American mines are 
generally shallower than those in Brit- 
ain, West Germany and other countries 
that are fully committed to the long- 
wall method. Room-and-pillar mining is 
therefore still economical in most U.S. 
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coal seams. Moreover, American min- 
ing engineers and workers have had only 
limited experience with the longwall 
system. As in other fields, management 
has learned that pioneering can be cost- 
ly. The capital investment needed to 
open a new longwall face is high: from 
$10,000 to $14,000 per foot of face 
length, so that a 500-foot face would 
cost from $5 million to $7 million. In 
addition continuous mining machines 
are still needed for development of the 
mine. Customary marketing arrange- 
ments for coal also have an influence on 
the choice of methods. In the U.S. the 
output of a mine is usually sold by con- 
tract with the assurance of regular ship- 
ments to customers. A mine with a 
single longwall face runs the risk of 
defaulting on contracts if a mechani- 
cal breakdown interrupts operations. To 
ensure continuity of production the op- 
erator must open multiple faces, which 
raises the capital cost still further. 


| B ieee longwall mining is likely to 
assume increasing importance in 
the U.S., the experience in the U.K. with 
longwall mining is pertinent and some- 
what sobering. It suggests that the gains 
from mechanization can be canceled by 
geological conditions and other factors 
that are difficult to control. Between 
1971 and 1980 the number of operating 
longwall faces in the U.K. was reduced 
more than 20 percent, from 840 to 649, 
reflecting the closure of marginally pro- 


HYDRAULICALLY 
OPERATED SHIELDS 


CONVEYOR 


70 


ductive mines. A recent analysis by Bri- 
an Lord, chairman of Lord Internation- 
al Mining Associates, shows that in spite 
of the concentration of output in the bet- 
ter mines, there was no overall improve- 
ment in the productivity of longwall 
mines between 1971 and 1979. It turns 
out there was a productivity gain of 16 
percent at the coal face itself, but it 
was Offset by a decrease in productivity 
“elsewhere underground.” Overall pro- 
ductivity remained constant at 2.24 tons 
per man-shift. 

When Lord classified the longwall 
mines according to their degree of 
mechanization, he found that the most 
mechanized mines were slightly less effi- 
cient than the least mechanized ones 
over the most recent five-year period, 
1975 through 1979. The measure of per- 
formance was the distance the coal face 
was advanced in centimeters per man- 
shift. The least mechanized mines nosed 
out the most mechanized ones 87 centi- 
meters to 86 centimeters. The best per- 
formance was that of mines with in- 
termediate levels of mechanization: 91 
centimeters per man-shift. 

These surprising results prompted 
Lord to question whether the British 
coal industry should pursue the goal 
of a fully mechanized coal face. He 
speculates that the industry is already 
overmechanized and that a simplifica- 
tion might prove beneficial. Between 
1946 and 1980 the nationalized British 
coal industry made a massive effort to 


modernize its mines. The technological 
achievement was impressive: the num- 
ber of miners was reduced by two- 
thirds, from 711,000 in 1947 to 237,- 
000 in 1980, while output declined only 
30 percent, from 187 million long tons 
in 1947 to 130 million in 1980. Thus 
production per man-year slightly more 
than doubled. The economic benefits, 
however, are questionable: in 1980 the 
return on average capital invested was 
exactly zero. 

With respect to the mechanization of 
mines in West Germany similar conclu- 
sions have been reached by Gunter B. 
Fettweis, director of the Institute for 
Mining Technology of the University 
of Mining and Metallurgy in Leoben, 
Austria. He has found that mechaniza- 
tion brings substantial savings initially, 
when the geological conditions are fa- 
vorable. As the coal becomes harder to 
extract, however, the costs in a mecha- 
nized mine rise sharply and soon exceed 
the costs in less mechanized mines 
where the geological difficulty is compa- 
rable. The explanation, Fettweis writes, 
“is that machines up to now have al- 
most always proved less able to adapt 
to difficult or changing conditions than 
people working manually. Under very 
unfavorable conditions [men and ma- 
chines] fail together.” 

American coal operators are begin- 
ning to have similar reservations about 
the benefits of extreme mechanization, 
according to Paul C. Merritt and David 
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Brezovec of Coal Age. Some operators 


contend that mining is becoming too so- 
phisticated and that the functions given 
over to machines increase the probabil- 
ity of shutdowns. Individual machines, 
in many cases those meant to make the 
job easier, often prove unreliable under 
actual mining conditions. 


he difficult problem of trying to raise 

mining productivity above levels 
that are already high suggests to some 
observers that the roles of private indus- 
try and government should be redefined. 
In some American industries the Feder- 
al Government takes a direct hand in 
research and development; for example, 
the National Aeronautics and Space 
Administration contributes to the de- 
sign of aircraft and the Department of 
Agriculture contributes to the improve- 
ment of crops and animal husbandry. 
In mining, however, the Government 
(through the Bureau of Mines) has con- 
centrated more on efforts to improve the 
health and safety of miners than on ef- 
forts to increase productivity. Research 
on productivity (assumed by the De- 
partment of Energy in 1977) has been 
hampered somewhat by the diversity 
of conditions encountered in mining. 
One suggestion is that private indus- 
try should concentrate on simplifying 
and increasing the reliability of existing 
equipment, whereas government should 
attend to more speculative areas of tech- 
nology, including efforts to ensure that 
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greater mechanization will pay off in 
improved productivity and safety. 

One example of a promising idea that 
proved to be ahead of its time was the 
“push-button miner.” In many areas, 
and particularly in Appalachia, strip 
mining can reach only part of a coal 
seam; operations must be suspended 
where the ratio of overburden to coal 
mined exceeds an acceptable value. Ad- 
ditional coal can be recovered by driv- 
ing large augers into the hillside. In the 
1950’s and 1960’s auger mines account- 
ed for some 10 to 20 million tons of coal 
per year, or from 2 to 3 percent of total 
production. The productivity of auger 
mines was as high as 45 tons per man- 
day, about 10 tons higher than the peak 
productivity of strip mining. 

In the early 1960’s one company tried 
to develop an automatically controlled 
coal auger: the push-button miner. In 
field tests the performance of the ma- 
chine was impressive: coal could be ex- 
tracted at a rate of almost 500,000 tons 
per year. Under actual mining condi- 
tions, however, the push-button miner 
proved unreliable and could not exceed 
the performance of conventional au- 
gers. Only two of the machines were 
built, and development was abandoned. 

In 1981 a machine with features simi- 
lar to those of the push-button miner 
was introduced into the U.S. by Rhine- 
Schelde-Verolme Machine Fabriken en 
Scheepswerken N.V., a_ shipbuilding 
company in the Netherlands. The ma- 


LONGWALL MINING, which has been common in British and European mines for many 
years, exploits a continuous mining machine that either planes or shears coal from one face of 
a block 500 feet wide and up to a mile long. The machine shown is a double-drum shearer. The 
cutting machine makes continuous passes across the entire face. The mine layout no longer fol- 
lows a room-and-pillar pattern (except for entryways surrounding the longwall panels). In- 
stead the roof adjacent to the longwall is supported by hydraulic props that move forward as 
the face is advanced. The roof behind the props is allowed to collapse, leaving rubble called 
gob. When a panel has been mined out, the cutter and supports are moved to the next panel. 


chine, known as the Thin-Seam Miner, 
is designed to mine hillside coal seams 
from 24 to 63 inches high. The cutting 
head tracks the coal seam with the aid 
of sensors that distinguish the differing 
levels of natural radioactivity in the 
coal and in the surrounding layers of 
shale. The reach of the cutting head 
is increased by the insertion of 20-foot 
extension beams that allow coal to be 
mined to a depth of 220 feet. 

The manufacturer states that the min- 
er can recover up to 85 percent of the 
coal within its reach. With a crew of 
four the machine is said to be capable of 
mining 420 tons in an eight-hour shift, 
or 105 tons per man-shift. Several Thin- 
Seam Miners have been operating in the 
USS. since last fall. They are valued at 
$2.5 million each and are leased rather 
than sold. In return for royalties on the 
coal mined the distributor provides a 
complete service, including installation, 
operating crew and maintenance. 


n conventional surface mining the ba- 
sic sequence of operations—stripping 
away the overburden and mining the ex- 
posed coal seam—has not changed from 
the beginning. As equipment has grown 
larger and more powerful it has become 
economic to mine seams as much as 200 
feet below the surface with draglines 
and excavators whose buckets can hold 
up to 180 cubic yards of earth and rock. 
To loosen the overburden drills now 
sink holes more than 10 inches in diame- 
ter to a depth of 75 feet to accept explo- 
sives fed in bulk from large trucks. The 
coal seam is fractured in the same way. 
The coal itself is scooped up by shovels 
with a capacity of up to 22 cubic yards 
and is loaded into trucks that hold up to 
170 tons. 

Increases in the size of surface-mine 
equipment are now slowing. Machine 
improvements are directed instead to- 
ward efficiency, reliability and ease of 
maintenance. Major subassemblies are 
being made in separate modules to facil- 
itate transport, initial installation and 
subsequent repair. 

Diagnostic tools, equipment monitor- 
ing and operator aids have become in- 
creasingly important as the cost of fuel 
and the cost of having machinery out of 
service for maintenance or repair have 
mounted. Digital computers have en- 
tered mining as they have every other 
industry. A dragline simulator, for ex- 
ample, has been programmed to teach a 
new operator the “feel” of the device 
before he climbs into the cab of the actu- 
al machine. Once the operator is at work 
his skills are improved by a feedback 
system. An on-board computer provides 
a visual display of performance and re- 
tains a record of machine operation and 
condition, thereby helping to optimize 
output and decrease maintenance. 

Although most equipment used for 
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IRON-ORE PRODUCTIVITY 
(THOUSANDS OF LONG TONS PER MAN-YEAR) 





1950 1955 1960 1965 1970 1975 1980 


PRODUCTIVITY IN IRON-ORE MINING between 1952 and 1981 increased at an average 
rate of 4.5 percent per year calculated on the basis of crude ore mined (black curve) but at the 
much lower rate of 1.5 percent when measured on the basis of usable ore (color). Most domestic 
iron ore comes from surface mines. The 1981 output of 4,180 long tons (4,680 short tons) per 
man-year of usable ore can be compared with the productivity of 6,700 short tons per man-year 
in surface coal mining, where productivity has increased at a rate of 2 percent per year. 
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PRODUCTIVITY IN COPPER-ORE MINING between 1950 and 1981 increased at a rate 
of 3 percent per year on a crude-ore basis (black curve) and at a rate of 1.2 percent per year for 
recoverable metal (color). About 85 percent of the copper-ore tonnage is extracted from open- 
pit mines. In 1950 each ton of copper ore mined contained an average of about 19 pounds of 
copper. By 1981 the average metal content had dropped to about 11 pounds per ton of ore. 
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surface coal mining could serve for gen- 
eral excavation and earth-moving work, 
one machine is highly specialized. It 
is the bucket-wheel excavator, which 
holds great promise for efficient extrac- 
tion of Western coals and Texas lig- 
nite that are somewhat lower in energy 
content than those customarily mined. 
These huge machines, built in West Ger- 
many by O & K Orenstein & Koppel 
Aktiengesellschaft, have bucket wheels 
from 7.8 to 15 meters in diameter. They 
can rapidly remove a large volume of 
overburden and deposit it several thou- 
sand feet away by means of conveyors 
without the need for truck haulage or 
other rehandling of the material. 

The bucket-wheel excavator makes 
possible the recovery of seams that lie 
more than 300 feet below the surface, 
well below the depths now considered 
feasible for stripping. In an eight-hour 
shift the machine can remove as much 
as 24,000 cubic meters of overburden, 
the equivalent of a football field exca- 
vated to a depth of 15 feet. Although the 
machines cost from $1.5 to $4 million, 
depending on their size, they should 
prove economical for mines that pro- 
duce two million tons per year or more, 
particularly if the customer is a nearby 
electric-power plant. Under such condi- 
tions competitively priced electric pow- 
er could be generated from coals and 
lignite of low energy value. 

Strip-mine operators are required by 
Federal and state laws to return mined- 
out areas to their approximate original 
contour and to make them fit for their 
former use. Power requirements for lev- 
eling the loose mine wastes are much 
lower than they are for dislodging the 
overburden from its original compacted 
state. The job is done efficiently by large 
bulldozers. In recent trials two bulldoz- 
ers have been yoked in tandem, coupled 
to a single 40-foot blade, and driven by 
one operator. Once the land has been 
graded it is reseeded. Power mulchers 
chop hay and spray it on hillsides to pre- 
vent erosion. In many cases aircraft 
broadcast seed, fertilizer and mulch. It 
is not unknown for the reclaimed land 
to have a higher value and higher pro- 
ductivity than it had before stripping. 

The surface-mine work force must 
have skills very different from those of 
the underground work force. Although 
functions directly related to the coal 
itself are generally planned by min- 
ing engineers, many of the operators 
of draglines, shovels, graders, trucks 
and bulldozers working in surface coal 
mines have had no mining experience. 
They have worked instead in other large 
earth-moving projects. 


Ov the years the benefits of mine 
mechanization in raising both the 
productivity of workers and their in- 
come have been offset in part by new 
hazards introduced by changes in tech- 


nology. Beginning in 1870, when rec- 
ords were first kept, the number of 
workers killed in coal-mine accidents in 
the U.S. initially dropped and then rose. 
The 1880 fatality rate of 2.2 deaths per 
1,000 workers was exceeded in 52 of 
the next 53 years. Only since 1948 has 
the fatality rate stayed below two per 
1,000, with the exception of 1968, when 
it again reached 2.2. Even so, the over- 
all trend since 1907 (the worst year of 
the century, when at least 3,024 miners 
died in underground-mine accidents) 
has been downward. Since 1970 the 
number of coal miners killed has aver- 
aged 140 per year, a significant drop. 

The most serious hazard introduced 
by mechanization was fine coal dust, 
which became a problem when the pick 
was replaced by power machinery for 
undercutting the coal face. The hazard 
is increased when methane gas trapped 
in the coal is liberated as the coal is frac- 
tured. When methane is mixed with air 
in concentrations of from 5 to 15 per- 
cent, it is highly explosive. The explo- 
sion of a small amount of methane can 
trigger a much larger explosion of coal 
dust, or even a series of explosions that 
might be propagated throughout the 
mine. Very likely it was such a series of 
explosions that killed 358 miners in a 
West Virginia mine in December, 1907, 
the record number for a single coal- 
mine disaster. 

The first undercutting machines in- 
creased the rate of coal fracture and 
with it the rate of methane liberation. 
This led to the need for improved venti- 
lation. The problem became worse still 
with the adoption of continuous mining 
machines, because the coal not only was 
cut faster but also was ground into finer 
particles and more dust. Mining ma- 
chines are now equipped with methane 
sensors that shut the units down before 
the concentration reaches a dangerous 
level. The cutting is also done under a 
continuous water spray to hold down 
dust. The main precaution against dust 
accumulation, however, is the applica- 
tion of an inert layer of limestone over 
the walls and roof as mining proceeds. 

Much of the mine-safety legislation in 
the U.S. has been stimulated by mine 
disasters. Over most of its history the 
Bureau of Mines has been concerned 
with the prevention of mine fires and 
explosions and with improving mine 
rescue operations. The Federal Coal 
Mine Health and Safety Act of 1969, 
and amendments to it enacted in 1977, 
gave the bureau responsibility for all as- 
pects of mine safety and miners’ health. 
The legislation was precipitated in part 
by the efforts of the United Mine Work- 
ers of America to gain compensation for 
miners who had developed black-lung 
disease, a respiratory disease caused by 
prolonged inhalation of coal dust. An- 
other factor was a series of mine acci- 
dents that caused 311 fatalities in 1968, 


7x0 
CUMULATIVE 


oom ANNUAL 


BLACK-LUNG BENEFIT PAYMENTS (MILLIONS OF DOLLARS) 





ERRRRRARRRS 3 


1979 


1980 


1970 1971 1972 1973 1974 1975 1976 1977 1978 1981 


BENEFITS TO RETIRED MINERS suffering from black-lung disease are financed in part 
by a levy of 50 cents per ton on surface-mined coal and $1 per ton on coal mined underground. 
Last year benefits of $600 million were paid from this fund to about 90,000 miners, depen- 
dents and survivors. An additional $1.1 billion was paid in the form of Social Security benefits. 
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CUMULATIVE OUTPUT FROM COAL DEPOSITS 
OF DECLINING GEOLOGICAL YIELD 


STUDY OF MECHANIZATION IN GERMAN COAL MINES has shown that the benefits 
of mechanization diminish as mining is extended to coal deposits that are less accessible and of 
lower quality. Eventually the costs per unit of coal extracted in a mechanized mine exceed 
those in an unmechanized mine exploiting comparable deposits. The diagram is from a re- 
port by Gunter B. Fettweis of the University of Mining and Metallurgy in Leoben, Austria. 
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including an explosion in Farmington, 
W.Va., that killed 78 miners. 

Respirable dust in underground mines 
continues to be a major health problem, 
and so does noise. It is well documented 
that exposure to high noise levels over a 
long period leads to permanent hear- 
ing impairment. The aggregate cost to 
the miner, his family and society can- 
not readily be calculated but is certain- 
ly substantial. Coal mining, of course, 
is not the only industry where sustained 
noise damages the hearing of its work- 
ers. Since 1970 the coal industry has 
made considerable progress in reducing 
the noise of its machines, above the 
ground as well as below. So far miners 
whose hearing has been impaired have 
not been entitled to compensation in the 
U.S. In Australia, on the other hand, the 
number of claims for occupational deaf- 
ness has risen steeply, reaching 600 in 
1979 and 1980. 

The U.S. began paying benefits to re- 
tired miners with black-lung disease in 
1970. In the first five years the cumula- 
tive payments amounted to $3.1 billion. 
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FATALITY RATE IN UNDERGROUND COAL MINES has de- 
clined sharply in the past 50 years with improved safety measures. 
Most fatal accidents in underground mines are caused by roof falls 
and cave-ins, which regularly took from 1,000 to 1,200 lives per year 
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In the next five years another $5.1 bil- 
lion was paid out. To date the program 
has cost $11.7 billion. 

The 1969 Health and Safety Act spec- 
ifies that the respirable dust in coal 
mines must not exceed two milligrams 
per cubic meter of air. Room-and-pillar 
mines, including those with continuous 
mining machines, have been able to sat- 
isfy the regulation. In longwall mines, 
however, at any one time about half of 
the operations are having difficulty com- 
plying. The Government and industry 
have joined forces to solve the prob- 
lem. In 1970 about 15 percent of un- 
derground coal miners exhibited some 


degree of black-lung disease. The inci- 


dence is now down to about 6 percent. 


hanges in the technology of mining 
through the remainder of the centu- 

ry will be evolutionary, as they were in 
the past, rather than revolutionary. A 
period of at least 10 to 20 years is need- 
ed for a new mining technology to re- 
place an older one. The reasons are the 
same as those that could be cited in any 
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other industry: the high capital cost of 
new equipment, the inclination of op- 
erators to stick with proved methods 
and uncertainty about the performance 
of new devices. A special obstacle to 
innovation in underground coal min- 
ing is that a change in a subsystem, 
such as haulage, may require a change 
in the entire mining system. Neverthe- 
less, longwall mining, which requires the 
most radical change of all, is expected to 
grow, depending in part on how success- 
fully it can be adapted to thin seams in 
the East and thick ones in the West. 

The future of surface mining will be 
influenced by changed perceptions of 
the economies of scale. At some point 
the operator finds that too much capital 
has been invested in equipment. The 
trend to ever larger surface equipment 
can therefore be expected to slow. Ulti- 
mately as operators of surface mines at- 
tempt to reach deeper seams they will 
find their costs approaching the costs of 
underground mining. Then the half-cen- 
tury decline in underground mining will 
begin to reverse. 





until 1931, but explosions are dreaded because of their potential for 
killing many miners in a single accident. Explosions can result when 
methane released from the fractured coal reaches a dangerous con- 
centration. A methane explosion can trigger explosions of coal dust. 
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SCIENCE AND THE CITIZEN 


Budgeting Basics 


he economic recession, high inter- 
est rates and the hundred-billion- 


dollar deficit in the Federal bud- 
get left the scientific community with lit- 
tle hope this year that Federal support 
for research and development would be 
spared major cutbacks. As it has turned 
out, the Government’s commitments to 
science for fiscal year 1983 are more 
generous than most budget-watchers 
had expected. Although Congress may 
alter the allocations somewhat, the to- 
tal research-and-development budget 
will probably increase by about 10 per- 
cent over fiscal year 1982, rising from 
$38.8 billion to about $43 billion. 

Like the Ford and Carter adminis- 
trations, the Reagan Administration 
has earmarked most of the Federal 
research-and-development budget for 
work related to national defense. It is 
probable that Congress will lower the 
research budget of the Department of 
Defense, which now amounts to about 
57 percent of the total, but military re- 
search and development will still remain 
the largest single expenditure by far. 

Again like the two preceding admin- 
istrations, the Reagan Administration 
has expressed support for the continued 
funding of basic research by the Gov- 
ernment. A change of emphasis can be 
perceived, however, in the amounts ac- 
tually requested in the budget proposal 
and in the apportionment of the money 
to the various Government departments 
and academic disciplines. The earlier 
administrations asked for real growth 
each year (meaning an increase even af- 
ter adjusting for the effects of inflation) 
in the total Federal support for basic 
research. The Reagan Administration is 
seeking a substantial increase (16.6 per- 
cent since fiscal year 1981 after dis- 
counting for inflation) only for defense- 
related basic research. A few other ar- 
eas, such as elementary-particle physics, 
will get small increases, but the overall 
budget for basic science will decline by 
1.3 percent in constant-value dollars. 

Even if basic research has received 
preferred treatment in the allocation of 
the budget, the Reagan Administration 
has been more selective than any previ- 
ous administration in its sponsorship of 
basic science. The policy of selectivity 
was adopted at the urging of George A. 
Keyworth, science adviser to the presi- 
dent, who stresses that funding decisions 
should reflect the “distinction between 
excellence and mediocrity.” The fields 
where excellence is to be found evident- 
ly include (besides defense) the physi- 
cal sciences and engineering, which are 
given increased allocations. 

It should be noted that although the 
Department of Defense is receiving 


76 


more than half of the research-and-de- 
velopment budget, only 3 percent of its 
share goes to basic research. The Na- 
tional Aeronautics and Space Adminis- 
tration, which does some basic research, 
will probably get a real increase in fund- 
ing. Basic-science programs that in re- 
cent years have been supported by the 
Department of Energy are also expected 
to show real growth. (The Department 
of Energy may be disbanded; its re- 
search activities would be taken over by 
the Department of Commerce.) 

Agencies that are traditionally the 
major supporters of basic research, 
however, did not fare as well. The Na- 
tional Institutes of Health, which funds 
the largest number of basic-research 
projects, will be operating with a real 
decline of about 7.8 percent in its basic- 
research funding. The National Science 
Foundation, whose primary responsibil- 
ity is the support of basic research, will 
have about 3.8 percent less to spend on 
basic research. 

In a special analysis of the research- 
and-development budget the Office of 
Management and Budget has outlined 
some of the Administration’s priorities 
and intentions. “The 1983 budget re- 
flects a clearer delineation than has been 
the case in the past,” the analysis states, 
“between the responsibilities of the 
Federal Government and those of the 
private sector with respect to research 
and development to help meet national 
needs.” In making this delineation the 
Administration has left much develop- 
ment work to the private sector. What 
the Government has kept for itself is 
research and development considered 
likely to benefit the nation but that pri- 
vate industry is unlikely to invest in be- 
cause of its long-term nature. For exam- 
ple, in the field of energy technology the 
Government will continue to sponsor 
work on fusion power but will leave to 
others the investigation of conservation 
and “alternative” sources of energy. 

A spokesman for the Office of Man- 
agement and Budget stated that the 
Government has properly cut back on 
energy research and development that 
“can and should be done by industry.” 
Harold P. Hanson, executive director of 
the House Committee on Science and 
Technology, however, considers “‘large- 
ly unrealistic” the idea that private in- 
dustry will take over the research the 
Administration has delegated to it. 
“No corporation looking for short-term 
profits is ever going to do the long-term 
projects necessary for the well-being of 
the nation.” 

A statement by a senior policy analyst 
at the Office of Science and Technology 
Policy suggests that the Administration 
is aware that some projects may not sur- 
vive on private funding. “Many things 


won’t be picked up by private industry,” 
the analyst conceded. “‘The question is: 
Should things be done at all? The Gov- 
ernment was doing research that no- 
body wanted.” 


Textual Selection 


| hs year the Arkansas state legislature 
passed a law requiring that crea- 
tionism be taught along with evolution 
in the public schools. Although a Feder- 
al court has ruled that the law is uncon- 
stitutional, it appears the influence of 
the creationist doctrine is being felt else- 
where: in high school textbooks. The in- 
roads of creationism came to light re- 
cently in a decision by the Board of Ed- 
ucation of New York City. The board 
ruled that three current biology texts are 
unfit for use in the city schools because 
of inadequacies in their treatment of the 
concepts of evolution. 

The three rejected textbooks are Ex- 
periences in Biology, published by Laid- 
law Brothers; Life Science, published by 
Prentice-Hall, Inc., and Natural Science: 
Bridging the Gap, published by the Bur- 
gess Publishing Company. The Laidlaw 
book discusses evolutionary concepts 
but omits any mention of the word “ev- 
olution” or of Darwin. According to of- 
ficials, the other books treat evolution 
superficially; moreover, they show a 
credulous attitude toward the theory of 
divine creation. One passage from the 
Burgess text cited in the decision reads: 
“Another hypothesis about the creation 
of the universe with all its life forms is 
special creation, which gives God the 
critical role in creation. In some school 
systems it is mandated that the evo- 
lution and special-creation theories be 
taught side by side. That seems a healthy 
attitude in view of the tenuous nature of 
hypothesis.” 

The “healthy attitude” that would re- 
quire creationism and evolution to be 
presented on an equal footing in biology 
courses was held in the Arkansas case 
to violate the separation of church and 
state established by the First Amend- 
ment to the Constitution. The ruling 
was made in January by Judge William 
Overton in response to a suit filed by the 
American Civil Liberties Union chal- 
lenging the Arkansas Balanced Treat- 
ment for Creation Science and Evolu- 
tion Science Act. A similar statute was 
passed in Louisiana in 1981; the ACLU 
has also brought suit there. Legislation 
with similar aims is pending in a num- 
ber of other states. 

Although the central place of evolu- 
tion in the teaching of biology has been 
upheld in the courts, some observers 
think the effect of the legal controver- 
sies is to make publishers wary of text- 
books that might offend creationists. 
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Robert M. May of Princeton Universi- 
ty wrote recently in Nature: “Even as 
the community of professional biolo- 
gists takes comfort from Judge Over- 
ton’s incisive and unequivocal verdict 
against the state of Arkansas’ law man- 
dating equal time for ‘creation science’ 
in the biology classroom, there are signs 
that new editions of major high school 
biology texts are being eviscerated.” 

For publishers the problem is most se- 
rious in the 22 states where textbooks 
must be approved by a state board. The 
states, mainly in the South and West, in- 
clude Texas (which has an annual bud- 
get of $45 million for textbooks) and 
California (which represents 10 percent 
of the U.S. market for textbooks). ‘‘Giv- 
en the highly competitive nature of the 
textbook market, the pressures that this 
system—with all its political and popu- 
list overtones—puts on publishers is ob- 
vious,” May concludes. 

The current situation is similar in cer- 
tain respects to that of the late 1920’s, 
when fundamentalist religious groups 
campaigned to eliminate the teaching of 
evolution from the schools. The case 
of John T. Scopes in 1925 was a no- 
table victory for the evolutionist posi- 
tion, but other efforts of the fundamen- 
talists that attracted less attention were 


more successful. According to May, 


“the real battles were being fought over 
state and local decisions about which 
textbooks to adopt for high school biol- 
ogy courses and here creationists ad- 
vanced on a broad front throughout 
the 1920’s and 1930’s.” 

Indeed, many of the biology texts that 
had included discussions of evolution in 
the early 1920’s eliminated all refer- 
ence to the subject in editions published 
after 1925. Dorothy Nelkin of Cornell 
University observes in Science Textbook 
Controversies and the Politics of Equal 
Time that “a scholarly survey of the con- 
tent of biology texts up to 1960 found 
the influence of antievolutionist senti- 
ment to be persistent, if undramatic, and 
showed that the teaching of evolution 
actually declined after 1925.” Nelkin 
adds that “‘by the late 1930’s some pub- 
lishers were tentatively introducing ev- 
olution but most, discouraged about 
market prospects and anxious to avoid 
controversy, avoided the topic.” 


Safety in Numbers 


hortly after George B. Dantzig of 
Stanford University had invented 
the simplex algorithm, a mathematical 
method of allocating scarce resources in 
an optimum way, he reportedly told his 
colleagues not to worry about its slow- 
ness. The algorithm was proposed, he 
said, only to demonstrate that certain 
resource-allocation problems could be 
solved in principle; a more efficient 
method would soon be forthcoming. 
There was no need to worry, his col- 
leagues replied. The algorithm had al- 


ready been applied to several enormous 
problems and it had delivered solutions 
as promptly as anyone could want. 

Thus was born a celebrated puzzle of 
more than 30 years’ standing, which is 
arguably the most important problem in 
applied mathematics: Why does the sim- 
plex algorithm work so much better in 
practice than it ought to in principle? 
Now Stephen Smale of the University of 
California at Berkeley has taken a ma- 
jor step toward settling the question. He 
has demonstrated that the simplex algo- 
rithm can indeed be expected to yield 
an optimum solution in a short time. 
The results are still under review, but 
mathematicians so far praise the work 
highly; it has been submitted for publi- 
cation in Mathematical Programming. 

The simplex algorithm has enormous 
economic importance in government 
and industry. The algorithm determines 
the most profitable or least expensive 
course of action under a number of con- 
straints. It is applied extensively in pe- 
troleum refining, papermaking, food 
distribution, agriculture, steelmaking 
and metalworking (see ‘““The Allocation 
of Resources by Linear Programming,” 
by Robert G. Bland; SCIENTIFIC AMERI- 
CAN, June, 1981). 

Suppose a paper company makes 50 
grades of paper, each grade requiring 
different quantities of wood pulp, chem- 
ical sizing, bleach and clay coating. If 
the company devoted production exclu- 
sively to its most profitable grade of pa- 
per (white bond, say), the supply of 
bleach might be exhausted long before 
the other resources were used up. In- 
deed, if at least some bleach is needed 
for all grades of paper, the allocation of 
all the bleach to the production of white 
bond would halt the manufacture of the 
other grades in spite of ample invento- 
ries of the remaining resources. The task 
of maximizing the paper company’s re- 
turn on its investment in the various re- 
sources is one of determining just how to 
allocate the resources most effectively 
to the entire range of products. 

In principle the best allocation can be 
found by calculating the profit expect- 
ed from every feasible program, or plan, 
of production. In almost all practical 
circumstances each feasible production 
program can be represented by one of 
the infinite number of points that lie on 
or within a polytope, the analogue of a 
polygon in many dimensions. It turns 
out that to find the most profitable pro- 
gram it is necessary to check only the 
vertexes of the polytope. The number of 
vertexes is finite, but even in a routine 
problem it can be enormous. B. Curtis 
Eaves of Stanford estimates that for the 
problem of allocating 2,000 limited re- 
sources to 2,000 products, the number 
of vertexes of the polytope is on the or- 
der of 22,000, or about 1062, Yet such 
problems are solved many times a day, 
Eaves notes, because the simplex algo- 
rithm can generally find the optimum 


vertex among the 1()6°2 vertexes by ex- 
amining only about 6,000 of them. 
What Smale has shown is that there 
is an upper bound to the expected num- 
ber of vertexes that must be checked 
by the simplex algorithm. Smale’s up- 
per bound is a complicated function 
of the size of the problem, where the 
size is defined by the number of con- 
straints and products. For the example 
given by Eaves, Smale’s bound is larger 
than 6,000 vertexes, but it is considera- 
bly smaller than 1062, As the problems 
become larger Smale’s upper bound 
grows more slowly. Hence, although he 
has not fully explained why the algo- 
rithm has performed as well as it has, 
he has shown that for extremely large 
problems the expected number of ver- 
texes investigated is even smaller than 
the number given by a rule of thumb 
now widely used by mathematicians. 
Smale’s bound is not a guarantee 
that the simplex algorithm will always 
work rapidly; the bound is a probabi- 
listic one, although it should apply to the 
great majority of cases. Several years 
ago Victor La Rue Klee, Jr., of the Uni- 
versity of Washington and George J. 
Minty, Jr., of Indiana University con- 
structed a family of problems in which 
the simplex algorithm investigates al- 
most every vertex of a polytope before 
it finds the optimum solution. Smale’s 
work shows that such problems are very 
rare; indeed, not one has turned up in 
more than 30 years of practical prob- 
lem solving. Smale’s analysis may make 
it possible to explain why the simplex 
algorithm fails when it is applied to the 
problems devised by Klee and Minty. 


All the tRNA in China 


he ribonucleic acid tRNA (short for 

transfer RNA), a key molecule in the 
translation of the genetic code into spe- 
cific protein structures, has been directly 
synthesized for the first time by a team 
of biocheniists in the People’s Republic 
of China. The construction of the tRNA 
replica reportedly took years of effort 
by a large number of workers and yield- 
ed only an exceedingly small quantity of 
the substance: a few nanomoles. The 
synthesis was crowned by a laboratory 
test showing that the replica is capable 
of biological activity. 

In the living cell tRNA molecules act 
as individualized escorts for amino ac- 
ids, the subunits of proteins. There are 
20 kinds of tRNA, and each kind con- 
veys one of the 20 common amino acids 
to the site where a protein chain is being 
assembled. The tRNA molecule itself is 
made up of nucleosides, the components 
of all nucleic acids. Four standard nu- 
cleosides (adenosine, guanosine, uridine 
and cytidine) are represented in all 
forms of RNA, but tRNA is distin- 
guished in addition by a comparative- 
ly large number of chemically modified 
nucleosides, which are rare in other nu- 
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neg nisin: 


Technology 
is Europe's biggest 


xport. 


Let’s make sure 
we never have to 
import it. 


Over the past few years there’s been a 
continuing debate on whether our 
European economy, in the face of in- 
creasing international competition, 
rising raw material costs, increasing 
labour costs and decreasing 
productivity, still has a chance of main- 
taining its dominant position amongst 
the industrialised countries of the 
world. 

We believe this debate is fully justified. 
Because we Europeans will only be 
able to withstand worldwide compe- 
tition in the future if we can continue 
to keep our products technologically 
one step ahead of our rivals. 

And only if we consistently develop 
and apply new technologies in ever 
industrial area. 

The future for our densely populate 





region with its limited natural resour- 
ces lies in exploiting fully our wide- 
ranging ability to explore, to discover 
and to invent: in other words, in the 
creativity of our people. 

Europe must strive to extract the maxi- 
mum value with the minimum use of 
our resources. 

And the driving force behind this effort 
will come from the determination, 

the energy and the optimism of our 
people, and from a total commitment 
to progress. 

itis this conviction that BMW translates 
into effective and efficient technology 
of the highest calibre. 

Our increasing success in the inter- 
national market-places today is a 
direct result of our consistent and com- 
prehensive application of the most 


advanced technologies available: 
and it is on this same platform that we 
are building a secure future. 

BMW has anexceptionally high invest- 
ment programme forthe coming years, 
and 75% of this will be directed 
towards new ideas and innovations. 
Convincing proof that we intend to 
maintain and increase our worldwide 
lead in the application of automotive 
micro-electronics is that we see all our 
achievements to date — 

such as our Digital Motor Electronics, 
our anti-lock braking system, the 
Service Interval Indicator and active 
Check Control —as merely the begin- 
ning of anew era of more efficient 
motoring. 

But money plays only one partin our 
total effort. 


"a 





We wantto invest just as muchina 
new spirit. 

In the will to work, the pleasure of 
achievement, in versatility, in creative 
thinking and in commitment. 

They are the prerequisites which will 
allow us to meet the ever-increasing 
challenges of international compe- 
tition with complete confidence. 

All BMW cars reflect this attitude — 
through the decisive lead in terms of 
progressive technology which they 
offer every BMW driver. 





BMW AG, Munich 


cleic acids. The tRNA molecule is a sin- 
gle chain less than 100 nucleosides long. 
The chain is folded back on itself and 
fastened together by hydrogen bonds to 
form a characteristic pattern of single- 
strand loops and double-strand stems 
that is commonly represented in two di- 
mensions as a Cloverleaf. 

The exact sequence of nucleosides in 
a yeast tRNA specific for the amino acid 
alanine was deciphered in 1965 by Rob- 
ert W. Holley and his colleagues at Cor- 
nell University. A decade later two in- 
dependent groups of investigators, one 
group at the Massachusetts Institute of 
Technology and the other at the British 
Medical Research Council Laboratory 
of Molecular Biology in Cambridge, de- 
termined the three-dimensional struc- 
ture of yeast phenylalanine tRNA. At 
about the same time H. Gobind Kho- 
rana of M.I.T. announced that he had 
synthesized the gene for yeast alanine 
tRNA, thereby opening the way to the 
indirect production of variants of the 
molecule through the manipulation of 
DNA sequences. 

Meanwhile the Chinese group had set 
out on a different project: the direct 
synthesis of a replica of yeast alanine 
tRNA, starting with organic chemicals 
and enzymes. The undertaking began in 
the late 1960’s but was interrupted for 
a number of years by the turmoil at- 
tending the “cultural revolution.” Work 
was resumed in 1977 and eventually de- 
manded the efforts of almost 200 inves- 
tigators from a number of institutions in 
both Shanghai and Beijing. The project 
was carried out under the direction of 
Wang Debao of the Shanghai Institute 
of Biochemistry of the Chinese Acade- 
my of Sciences; a specialist in nucleic 
acids, Wang had studied biochemistry in 
the U.S. and was at one time associated 
with Johns Hopkins University. 

According to a recent interview with 
Wang, published in Chemical and Engi- 
neering News, the first order of business 
was to prepare the raw materials: not 
only the four major nucleosides but also 
seven minor ones (1-methylguanosine, 
5,6-dihydrouridine, N,N-dimethylgua- 
nosine, inosine, 1-methylinosine, pseu- 
douridine and ribothymidine), as well as 
various reagents and enzymes. All the 
materials, Wang said, had to be made 
“from scratch” by members of the group. 

The assembly of the 76-nucleoside 
molecule of yeast alanine tRNA then 
proceeded in stages. Small bits of the 
molecule, consisting of between two and 
eight nucleosides, were made and then 
linked into six larger pieces. Next the 
pieces were joined to form two half mol- 
ecules and finally the halves were com- 
bined to create the complete molecule. 
The synthetic tRNA was shown to be 
biologically active by exposing it to the 
appropriate amino acid (alanine) and 
then following the amino acid as it was 
incorporated into a protein. 

Although the amount of tRNA pro- 
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duced was small, Wang commented, the 
large amounts of comparatively rare 
ingredients assembled by the Chinese 
group should make it feasible to under- 
take a systematic investigation of how 
changes in the chemical structure of a 
tRNA molecule affect its biological ac- 
tivity. The Chinese investigators, it was 
suggested, will be looking with particu- 
lar interest at the roles played by the 
modified nucleosides in the functioning 
of tRNA. 


The Excited Pion 


RS" Faus the proliferation of “exotic” el- 
ementary particles the pion, or pi 
meson, has come to seem rather prosaic. 
It was predicted to exist in 1935 and was 
first observed in 1947; now pions are 
made by the hundred billion in particle 
accelerators. Nevertheless, the pion is 
in some respects more difficult to un- 
derstand than the rarer exotic particles. 
Evidence of excited states of the pion 
has only recently been reported. 

In the modern view the pion, like all 
other mesons, is a composite system 
made up of a quark and an antiquark. 
The pion is the lightest such system, with 
a mass (in energy units) of about 140 
megaelectron volts, or MeV, which is 
roughly a seventh the mass of the pro- 
ton. Various “flavors,” or basic kinds, 
of quark and antiquark can combine to 
yield different mesons. Furthermore, 
the properties of a meson depend not 
only on the flavor of the quarks but also 
on their mode of motion. For example, 
the pion itself is the state of matter in 
which the lightest quark and antiquark 
are bound together in their lowest- 
energy mode of motion. In this mode 
the intrinsic spin angular momenta of 
the quark and the antiquark cancel and 
there is no orbital angular momentum, 
so that the meson has a total angular 
momentum of zero. 

For certain mesons made up of a 
much heavier quark and antiquark a 
rich spectrum of excited states has been 
observed. The best example is the parti- 
cle designated J or psi, which was dis- 
covered in 1974; the first excited state 
was found a few days later, and roughly 
a dozen related mesons are now listed in 
the catalogue. All the states have the 
same quark constituents, but they differ 
in energy, angular momentum and other 
properties because in each state the 
quark and antiquark have a different 
mode of motion. 

The pion should have a similar spec- 
trum, but the excited states have proved 
quite difficult to detect. The recent evi- 
dence is reported in Physical Review Let- 
ters by 15 investigators from the Italian 
national institutes of nuclear physics in 
Milan and Bologna and the Joint In- 
stitute for Nuclear Research at Dubna 
in the U.S.S.R. The investigators em- 
ployed a beam of high-energy pions 
generated by the proton accelerator at 


Serpukhov, 60 miles south of Moscow. 
They examined 120,000 events in which 
a pion collided with an atomic nucleus 
and gave rise to three pions. 

Earlier experiments by other workers 
had hinted at the possibility of pion exci- 
tations, but the results were uncertain 
and inconsistent. The recent experi- 
ments at Serpukhov revealed a broad 
enhancement in the number of three- 
pion events at an energy of 1,240 MeV, 
indicating the existence of a particle 
with that mass. A second enhancement 
was found at 1,770 MeV. Both enhance- 
ments seem to signal the presence of a 
meson in which the spin angular mo- 
menta of the quark and the antiquark 
cancel and in which there is no orbital 
angular momentum; in other words, the 
angular momentum of the two new mes- 
ons is the same as that of the pion. Cer- 
tain other properties of the new mesons 
have also been shown to be identical 
with those of the pion. “These observa- 
tions can be interpreted as radial excita- 
tions of the pi meson,” the report states. 
In a radial excitation the trajectories of 
the quark and the antiquark have the 
same shape as those in the pion itself, 
but they extend over a larger volume. 


Lucy’s Lineage 


Seven skull fragments found last year 
in the valley of the Awash River in 
Ethiopia extend the age of Australopithe- 
cus, the earliest hominid known, to the 
middle Pliocene, at least four million 
years ago. The discovery was one of sev- 
eral important fossil finds in this deso- 
late part of the Afar Triangle made dur- 
ing a two-month reconnaissance by an 
international team headed by J. Des- 
mond Clark of the University of Cali- 
fornia at Berkeley. The finder of the 
skull fragments was Leonard Krishtalka 
of the Carnegie Museum in Pittsburgh. 
The fragments were uncovered about 
40 feet below a volcanic marker layer 
known as the Cindery Tuff. Minerals 
from the tuff have been dated radiomet- 
rically by Robert Walter of the Univer- 
sity of Toronto. His preliminary finding, 
based on the decay of a radioactive iso- 
tope of potassium and on an analysis of 
tracks left by the fissioning of atomic 
nuclei, gives the tuff an age of 4.0 mil- 
lion years, with an uncertainty of plus or 
minus 10,000 years. Because the skull 
fragments lay substantially below the 
tuff they are presumed to be older still. 
Until the recent discoveries the oldest 
hominid specimen known was “Lucy,” 
a remarkably intact representative of 
the genus Australopithecus discovered in 
the mid-1970’s by Donald C. Johanson, 
then at Case Western Reserve Universi- 
ty. “Lucy” was found some 45 miles 
north of the Awash River site and was 
assigned by Johanson to a new species, 
A. afarensis. The fossilized skeleton is 
thought to be 3.6 million years old. 
The Awash River skull fragments are 


This is Thomas. One day, he might win 
the Nobel Prize. Or perhaps he’ll even get 
a job. (Anything’s possible, after all.) 

But for two hours last Autumn, all his 
glorious futures hung in the balance. 

He contracted an infection. His temper- 
ature soared and he fell into convulsions. 

Before we got together with British 
Telecom, four hours might elapse between 
the development of serious symptoms and 
a patient’s admission to hospital. 

Now, thanks to the national radio 
paging system, a doctor can be alerted to 
an emergency by a ‘bleep} carried about his 
person, enabling him to save vital minutes 
in the treatment of serious illness. 

So it was with Thomas. His GP was at 
his side within an hour, and a potentially- 
fatal situation defused. 

One day, he’ll know enough words to 
thank his lucky stars. 


Meanwhile, it’s hard to resist raising 


A MICROCHIP GAVE THIS MANAFUTURE. 


an eyebrow at those who depict the micro- 
chip as the harbinger of a new Dark Age, 
in which honest flesh and blood will be 
surplus to requirements. 

For there’s nothing inherently sinister 
about a silicon chip. It is, after ail, merely a 
slave. It does what it’s told. 

We tell ours, among other things, to 
train pilots in our flight simulators; to 
entertain us through our television and 
recorded music systems; and to take the 
drudgery out of office work through our 
advanced, desktop Teleputer terminals. 

In fact, Thomas will bump into us in all 
sorts of unexpected places as he grows up. 

And we believe that, thanks to us, his 
world will be rather better than the one he 
almost left, last September. 


* REDIFFUSION 








WITH A TURNOVER OF £250M, REDIFFUSION IS A LEADING NAME IN BRITISH ELECTRONICS. IF YOU WOULD LIKE TO KNOW MORE ABOUT US WRITE FOR A BROCHURE TO:— 


GROUP PUBLIC RELATIONS EXECUTIVE, REDIFFUSION LTD., CARLTON HOUSE, LOWER REGENT ST., LONDON SW1Y 4LS. 
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INVEST YOURSELF 





a) 
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A windmill to pump water for “salt farming” in India. More efficient 
woodburning stoves for the Sahel. Photovoltaic irrigation pumps for the 
Somali refugee camps. 

All these are solutions to technical problems in developing countries. 
Devising such solutions is no simple task. To apply the most advanced 
results of modern science to the problems of developing areas in a form 
that can be adopted by the people requires the skills of the best sci- 
entists, engineers, farmers, businessmen—people whose jobs may in- 
volve creating solid state systems or farming 1000 acres, but who can 
also design a solar still appropriate to Mauritania or an acacia-fueled 
methane digester for Nicaragua. 

Such are the professionals who volunteer their spare time to Volun- 
teers in Technical Assistance (VITA), a 20 year old private, non-profit 
organization dedicated to helping solve development problems for peo- 
ple world-wide. 

Four thousand VITA Volunteers from 82 countries donate their ex- 


-pertise and time to respond to the over 2500 inquiries received annually. 
Volunteers also review technical documents, assist in writing VITAs 


publications and bulletins, serve.on technical panels, and undertake 
short-term consultancies. 

Past volunteer responses have resulted in new designs for solar hot 
water heaters and grain dryers, low-cost housing, the windmill shown 
above and many others. Join us in the challenge of developing even 
more innovative technologies for the future. 


Putting Resources to Work for People 
3706 Rhode Island Avenue, Mt. Rainier, Maryland 20712 USA 


VITA 


from the frontal bone of an individual 
assigned by the team’s paleontologist, 
Tim D. White of Berkeley, to the same 
species as “Lucy.” A portion of the su- 
ture where the frontal bone meets the 
parietal bone is present, enabling White 
to determine that the individual was 
an adult. The frontal bone is extremely 
primitive in form and is slightly smaller 
than that of the average chimpanzee. 
At a point 20 feet above the Cindery 
Tuff, White found the upper part of an 
Australopithecus femur, or thighbone, 
belonging to an adult fully adapted to 
upright walking. White estimates that 
the individual stood about four feet six 
inches tall. This fossil has also been as- 
signed to the species A. afarensis. Be- 
cause the femur is somewhat later than 
the skull fragments, its presence in the 
same area suggests that the extinct hom- 
inid species inhabited the valley of the 
Awash River for a considerable span. 
The two finds also provide further evi- 
dence that bipedal locomotion was an 
established hominid attribute long be- 
fore the evolutionary changes that led to 
the enlargement of the hominid skull. 


Ocean Tomography 


large-scale analogue of the clini- 
cal technique that makes maps of 
planes through the human body is be- 
ginning to map patterns of temperature, 
salinity and density in the sea. The clini- 
cal technique is computer-aided tomog- 
raphy, or CAT scanning. It relies on 
sending X rays through the body along 
a variety of paths. On each path the ray 
encounters tissues of differing density 
and hence is attenuated by a particular 
amount. The data representing the at- 
tenuations have hidden in them the spa- 
tial pattern of the tissue, and by a math- 
ematical procedure (the inversion of a 
matrix) the pattern can be recovered. 
The new oceanographic technique is 
termed acoustic tomography. It differs 
from CAT scanning in that the signals 
employed to probe the sea are low-fre- 
quency sounds rather than electromag- 
netic waves. It differs also in.that infor- 
mation is extracted from the signals not 
by measuring their attenuation but by 
recording their arrival times at sub- 
merged receivers. The speed of sound in 
seawater varies in direct proportion to 
both pressure and temperature. With 
increasing depth the pressure increases 
but temperature tends to decrease, and 
so the two trends have countervailing 
effects on the speed of sound. Measure- 
ments made at progressively greater 
depth show that the speed decreases to 
a minimum and then starts increasing: 
again. For example, in the sea southwest 
of Bermuda at a latitude of 26 degrees 
north the speed of sound falls to a mini- 
mum value of about 1,490 meters per 
second at a depth of about 1,100 meters. 
Sound waves broadcast close to the 
depth of this minimum follow oscillat- 


ing trajectories through the sea. The 
waves are refracted upward when they 
stray downward and downward when 
they stray upward, alternately ascend- 
ing and descending through thousands 
of meters of ocean depth. In effect the 
sound waves are repeatedly deflected as 
they pass between mediums that differ 
in index of refraction. (The same phe- 
nomenon traps a beam of light in an 
optical fiber.) Thus a given receiver in 
the sea can detect a succession of signals 
from a single distant burst of sound be- 
cause the signals travel at different ve- 
locities along paths of different lengths. 
Along any such path the sound may 
have passed through an eddy of warm or 
cold water, altering the transit time. The 
various delays therefore have hidden in 
them the pattern of the eddies. 

Last year a group including Ted Bird- 
sall of the University of Michigan, Wal- 
ter Munk and Peter Worcester of the 
Scripps Institution of Oceanography, 
Carl Wunsch of the Massachusetts In- 
stitute of Technology and Robert C. 
Spindel of the Woods Hole Oceano- 
graphic Institution deployed acoustic 
instruments in the Atlantic Ocean south- 
west of Bermuda. A square of the sea 
300 kilometers on a side was chosen for 
the test. Four transmitters were installed 
along the eastern edge and four receiv- 
ers along the western edge; a fifth re- 
ceiver was placed on the northern edge. 
All the instruments were at a depth of 
2,000 meters. 

Twenty horizontal paths linked the 
transmitters to the receivers. The oscil- 
latory trajectories that sound waves take 
in the sea made it possible to monitor 
three or four times as many paths. Fur- 
thermore, the passage of the signals 
through a great range of depths allowed 
three-dimensional maps to be construct- 
ed from the data. In one method of anal- 
ysis the 300-kilometer square is divided 
into smaller volumes. The analysis gives 
a speed of sound for the center of each 
volume. The speed of sound in turn 
gives a temperature, and the tempera- 
ture corresponds to a certain salinity. 
The depth at the center of the volume 
implies a certain pressure, and so the 
density can also be inferred. 

The investigators find that their tomo- 
graphic survey southwest of Bermuda is 
in agreement with the measurements 
they made there by lowering instru- 
ments such as temperature sensors from 
a ship. It therefore appears that tomo- 
graphic “snapshots” of a large expanse 
of the sea are feasible. Writing in Oce- 
anus, Spindel notes that conventional 
oceanographic instruments “yield infor- 
mation only at a single point,” so that 
a survey of a 300-kilometer square of 
ocean takes “about three weeks.” A 
tomographic mapping takes minutes. 
Moreover, in the conventional three- 
week survey “the image is smeared or 
blurred much the way a photograph 
blurs when the subject moves because 


during the course of a survey the ocean 
circulatory pattern changes.” 

The investigators hope next to devel- 
op and deploy networks of devices that 
simultaneously transmit acoustic sig- 
nals and receive them. The intent is to 
measure differences in transit time for 
signals passing in opposite directions be- 
tween pairs of instruments. Such differ- 
ences would result solely from the cir- 
culatory pattern; hence a tomographic 
snapshot could survey not only tem- 
perature, salinity and density but also 
ocean currents. One prospect is to plot 
on a single grand map the rotational 
current at a given moment throughout 
a large basin such as the Sargasso Sea. 


Audible Radar 


he notion that some people can tune 

in radio transmissions without a re- 
ceiver is probably as old as broadcast- 
ing. Since the invention of radar during 
World War II, however, it has been 
known that some people can indeed 
hear microwave signals. The phenome- 
non seems implausible. Radar operates 
at frequencies of from 300 megahertz to 
300 gigahertz, far outside the range of 
normal human hearing (from 20 hertz 
to 15,000 hertz). Furthermore, the mech- 
anism that actuates the ear is a pressure 
wave, whereas the radar signal is an 
electromagnetic wave. Now three work- 
ers who have reviewed a long series of 
experiments and hypotheses on radio- 
frequency hearing report in The Journal 
of the Acoustical Society of America their 
conclusion that the phenomenon is 
caused by thermoelastic expansion. 

The investigators are Chung-Kwang 
Chou and Arthur W. Guy of the School 
of Medicine and College of Engineer- 
ing of the University of Washington 
and Robert Galambos of the School of 
Medicine of the University of Califor- 
nia at San Diego. They set out to review 
work done on radio-frequency hearing 
since 1956. Some of the investigations 
were psychological. The first people to 
report hearing radar, they note, “en- 
countered skepticism and rather point- 
ed questions about their mental health.” 
Physiological and behavioral observa- 
tions of animals have also contributed 
to understanding, and so have physical 
measurements of materials. The experi- 
menters found “uniform agreement that 
human beings with normal high-fre- 
quency hearing can perceive an audito- 
ry sensation when exposed to micro- 
wave pulses of sufficient energy con- 
tent.”” The sound “may be perceived as 
clicks, buzzes or hisses.” 

What happens, the investigators re- 
port, is that the absorption of micro- 
wave energy causes a nonuniform heat- 
ing of the head. A thermoelastic wave 
of pressure is thereby launched and is 
conducted, presumably by bone, to the 
cochlea, the sensory organ of the inner 
ear, where it is detected. 


Enter The New 


ROBOTICS 
A= 


An age where formerly impossible tasks become 
everyday reality. The mechanization of many 
laborious physical and intellectual tasks of in- 
dustrial, commercial and domestic life is coming 
about through the technology of intelligent 
machines. We see innovative applications of 
microprocessors, simulations, sensor electronics, 

real time control, effector design, machine design, 
aerospace robots and autonomous systems. 

This is the world of Robotics Age, the Journal of 
Intelligent Machines. Make this world yours. In 
Robotics Age you'll find topics from the realities of 
industrial automation to the prospect of personal 
robotics. Integrating it all is modern software 
engineering. As illustrations, we show how you 
can perform practical design explorations with in- 
expensive personal computers. 

Recently published titles include: Avatar, A 
Homebuilt Robot; The Physics of One-Legged 
Mobile Robots; Constructing an Intelligent Mobile 
Platform; An Inexpensive Hand; Natural Language 
Understanding: Applying Robot Vision To the Real 
World; Telecommunications Robots. In every issue 
you'll find features like Patent Probe, New Pro- 
ducts, Letters and Design Forums. 

Don't miss out. Subscribe today. With your paid 
subscription accompanied by the coupon below, 
we'll send you a free reprint of the article Avatar: 

A Homebuilt Robot. 

If you're not completely 
—* , satisfied with your 
subscription to Robotics 
Age, we'll refund your 
full subscription price 
of $15. - 
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The Mechanization 
of Design and Manufacturing 


Mechanization on the factory floor continues, but greater changes 


are being introduced by new technology tor the design of products 


and for planning, managing and coordinating their manufacture 


mechanization might seem to be 

most deeply embedded. Indeed, 
the origin of the modern factory can be 
traced to the introduction of water-pow- 
ered and steam-powered machinery in 
the 19th century, most notably in the 
textile industry. Today the typical facto- 
ry relies on a great variety of machines, 
and factory work is widely supposed 
to consist largely of tending machines. 
Newer developments in the relations be- 
tween men and machines also tend to be 
viewed primarily in the context of man- 
ufacturing, and the social consequences 
of mechanization have been considered 
chiefly through their effects on produc- 
tion workers. There is an irony here: it 
turns out that manufacturing is one of 
the most difficult sectors of the economy 
in which to realize the full potential of 
the available technology. 

The opportunities for mechanization 
in the factory are widely misunderstood. 
The emphasis has been almost exclu- 
sively on the production process itself, 
and complete mechanization has come 
to be symbolized by the industrial robot, 
a machine designed to replace the pro- 
duction worker one for one. Actually 


Ts factory is the workplace where 


by Thomas G. Gunn 


the direct work of making or assembling 
a product is not where mechanization is 
now likely to have the greatest effect. 
Direct labor accounts for only 10 to 25 
percent of the cost of manufacturing, 
and workers engaged in such tasks make 
up only two-thirds of the total manufac- 
turing work force. The major challenge 
now, and the major opportunity for im- 
proved productivity, is in organizing, 
scheduling and managing the total man- 
ufacturing enterprise, from product de- 
sign to fabrication, distribution and field 
service. The complexity of the modern 
factory is daunting: in some plants thou- 
sands of parts must be kept in stock for 
hundreds of products. Indeed, the com- 
plexity of the operations has sometimes 
led to a situation resembling gridlock on 
the factory floor: it is not uncommon for 
a metal part to spend 95 percent of the 
time required for its manufacture wait- 
ing in line for processing. 

Thus the productivity of the factory 
worker depends in large measure on the 
design of the product and on the way the 
resources of labor, machines and raw 
materials are brought together. Without 
improvement in these functions it is not 
clear that even a total replacement of 


COMPUTATIONAL LINK between design and manufacturing is illustrated by a system em- 
ployed by the General Electric Company to control the cutting path of a vertical turret lathe as 
it shapes a component of an aircraft engine. In the upper photograph two cross sections pass- 
ing through the radial axis of the disk-shaped part are shown on the screen of a computer- 
aided-design terminal. The outer cross section shows the shape of the forged part before it is 
machined; the inner cross section shows the final shape of the part. Above the cross sections 
the cutting tool of the lathe is represented schematically in one of the positions it assumes 
while making the cut. The path of the cutting tool is controlled by a computer program; the pro- 
grammer, who must know the precise geometry of the part in order to program the cutting tool, 
can retrieve the information from a central data base where it is stored during the design of the 
part. The path of the tool is then animated on the screen so that the programmer can verify 
that the cut will proceed as intended and without interference. The lower photograph shows 
the real cutting tool in a position corresponding to the one simulated on the computer terminal. 
To make the cut the disk is rotated on a turntable under the cutting tool, which is moved up, 
down and across the disk according to the pattern determined by the computer program. The 
disk is made of a titanium alloy and is part of the high-pressure compressor of the CF6-50 
turbofan engine. The engine powers a number of commercial and military jet aircraft, includ- 
ing the Boeing 747 and the McDonnell Douglas DC-10; it delivers a thrust of 50,000 pounds. 


blue-collar workers by robots would 
have much effect on the output of the 
factory or on the cost of its products. 
For this reason the most important 
contribution to the productivity of the 
factory offered by new data-processing 
technology is its capacity to link design, 
management and manufacturing into a 
network of commonly available infor- 
mation. The social outcome of the link- 
age may be to alter far more white-col- 
lar jobs than blue-collar ones. 


[? the U.S., companies whose primary 
business is manufacturing employ 
some 20 million people, or roughly a 
fifth of the labor force. The proportion 
has been declining for the past 40 years, 
partly because of the shift of the Ameri- 
can economy away from the production 
of goods and toward the production of 
services and partly because of the tech- 
nological displacement of workers. 

Manufacturing includes a vast array 
of activities and enterprises. In some in- 
dustries a product is made in a contin- 
uous stream; familiar examples are pe- 
troleum refining, papermaking and the 
manufacture of many chemicals. A dis- 
tinctive feature of such processes is the 
ease with which they can be adapted 
to control by closed-loop feedback sys- 
tems: changes in the nature of the prod- 
uct can be detected and employed to 
adjust the input of raw materials or 
the intermediate steps in manufacturing. 
Other process industries, such as steel- 
making and brewing, generally work 
with batches of materials. 

Here I shall focus on industries of an- 
other kind: those that design and manu- 
facture discrete products rather than 
materials that are processed continuous- 
ly or in batches. Discrete-products man- 
ufacturing is a broad and varied catego- 
ry. It encompasses the fabrication and 
assembly of automobiles, aircraft, com- 
puters and the microelectronic compo- 
nents of computers, furniture, appli- 
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ances, foods, clothing, packaging, build- 
ing materials and machine tools. It is in 
these industries and the many like them 
that the potential benefits of data-proc- 
essing technology are most pronounced. 
Only in the past 20 years has the dis- 
crete-products manufacturer had the 
means to gain feedback from his opera- 
tions (and hence continuous control 
over them) by methods analogous to 
those of the process manufacturer. 

An example of a discrete-products 
factory I shall frequently refer to is the 
machine shop. There metal parts are 
made by a sequence of operations, in- 
cluding cutting, boring, milling, grind- 
ing and turning on a lathe. The same set 
of machine tools can serve to make a 
great variety of parts, from gun barrels 
to camshafts; what changes is the se- 
quence of operations carried out with 
each tool and the sequence of tools em- 
ployed. The very versatility of the tools 
makes the efficient organization of ma- 
chine-shop operations difficult. Meth- 
ods of programming, or numerically 
controlling, the machine tools them- 
selves were introduced some time ago 
and have been widely adopted. The em- 
phasis now is on coordinating the opera- 
tions of various machines and control- 
ling the flow of work through the shop. 
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FRACTION OF MANUFACTURING WORKERS in the U.S. en- 
gaged in indirect labor (such as planners, expediters, salesmen, man- 
agers and the like) has increased even as the manufacturing fraction 
of the work force has been reduced. There are now about 20 mil- 
lion workers in manufacturing, or 22 percent of the total number 
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Over the years manufacturers have 
sought to plan, control and carry out 
complex operations by setting up large 
bureaucracies with many levels of re- 
sponsibility. In some American compa- 
nies there are as many as 14 layers of 
personnel in the chain of command 
from the chief executive officer to the 
lowest-ranking shop-floor worker. The 
hierarchical structure enables a compa- 
ny’s management to direct the overall 
operations of the company, but the or- 
ganizational distance between the top 
and the bottom makes it difficult to keep 
close track of labor and plant resources, 
to schedule their deployment and to 
control job priorities. Moreover, a hier- 
archy can give rise to institutional barri- 
ers between departments and can inhibit 
the internal flow of information. It 
can also create a competitive “us against 
them” attitude among departments that 
hinders the functioning of the organiza- 
tion as a whole. 


he organizational barriers to com- 

munication are often supplement- 
ed by physical ones. Written and verbal- 
ly transmitted information is subject to 
delay, error and misunderstanding as it 
passes from one person to another. The 
time required for a memorandum to 
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circulate can make prompt collective 
action impossible. As a result large 
manufacturing organizations have re- 
sponded sluggishly to changing market 
conditions. Another consequence of 1m- 
pediments to communication is a need 
to stock large inventories of products, 
parts and materials at considerable cost 
in space, insurance and handling. 

By the 1950’s the burden of paper- 
work and verbal communication in 
many manufacturing concerns had be- 
come onerous. In order to get work done 
on time the companies began to employ 
expediters who operated independently 
of the organizational hierarchy to push 
products out the factory door. 

Manufacturing companies were in- 
troduced to the computer in the early 
1960’s. The first applications were the 
recording of routine financial transac- 
tions, but gradually computers were ap- 
plied to other tasks, such as the control 
of inventory, the scheduling of produc- 
tion and the routing of a part from one 
process to another on the factory floor. 
As the applications diversified and vari- 
ous departments of the company adapt- 
ed the computer to their needs it became 
apparent that the advantages of com- 
puting technology within each depart- 
ment could be multiplied many times if 
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of employees on nonagricultural payrolls. In the five most highly 
mechanized industries, namely fabricated metal products, machin- 
ery, electric and electronic equipment, transportation equipment and 
instruments and related products, workers who supply direct labor 
currently account for only about two-thirds of the total work force. 
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In today’s highly volatile foreign exchange 
market, there’s one bank that can make your 
business a little simpler. 

Barclays Bank. 

Barclays is the biggest foreign exchange 
dealer in the world’s biggest foreign exchange 
centre—London. 

So whatever's going on in the world, 
Barclays is in the right place, at the right time, 
to give you the nght quote. 
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MORE MONEY FOR YOUR MONEY. 

The sheer size and scale of Barclays’ foreign 
exchange dealings guarantees you extremely 
competitive exchange rates. 

And also means that Barclays can offer you 
the widest range of currencies you'll find 
anywhere. 

A point worth bearing in mind when you 
need Saudi Arabian rials,or Venezuelan 
bolivars, or whatever. 
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London is the centre of Barclays’ compre- not London, then Hong Kong or Frankfurt- 
hensive international network of eighteen and in the United States, New York, Chicago 
foreign exchange dealing rooms, strategically and San Francisco. 
located across the world’s key business centres. That’s why, the next time you're dealing 

A network which keeps a close eye on with foreign currencies, you should talk to 


everything that’s happening in the world’s Barclays Bank first. 

foreign exchange markets. a You'll find that anywhere in 
And a network that always BARCLAYS the world of foreign exchange, 

offers round-the-clock service, Hixy \ IGeid-) eet: ha leyel: 3M there's no bank more at home. 
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certain departments or functions were 
linked. 

The earliest functions of the comput- 
er that had a direct bearing on man- 
ufacturing operations were not in the 
manufacturing process itself but in the 
design of products. In the mid-1960’s 
engineers at the General Motors Corpo- 
ration began working with program- 
ming specialists at the International 
Business Machines Corporation to de- 
velop a system for computer-aided de- 
sign. The system was originally envi- 
sioned only as a sophisticated drafting 
tool. The design engineer would employ 
a keyboard to specify certain numerical 
data about the part, but he could touch 
a light-sensitive stylus directly to the 
screen of a cathode-ray tube in order to 
“draw,” or enter geometric data into the 
computer. Although the motion of the 
stylus on the screen might correspond 
only roughly to the shape of the part, the 
computer was programmed to combine 
the numerical and the geometric data so 
that the designer’s sketch could be trans- 
formed rapidly into a precise engineer- 
ing drawing. Because the drawing was 
stored in the memory of the computer it 
could be recalled at any time. 

The information specifying the geom- 
etry of a part is also needed to determine 
how a cutting machine, such as a lathe, 
must be operated to shape the part. (The 
specification of a cutting path must also 
take into account the capacity of the cut- 
ting machine, the material from which 
the part is made, the shape of the cutting 
tool, the speed and depth of the cut and 
other variables.) Traditionally the ma- 
chinist set up his machine according to 
drawings supplied by the designer; when 
numerically controlled machine tools 
were introduced, the programmer who 
prepared the sequence of instructions 
still obtained geometric information 
from drawings. Designers and program- 
mers soon recognized, however, that the 
programmer could get the part geome- 
try directly from the data base after it 
was entered into a computer by the de- 
signer, and engineering drawings could 
be eliminated. Indeed, in many circum- 
stances the programming of machine- 
tool operations is so routine that little 
human intervention is necessary once 
the part geometry is known. 


he need for similar information in 

designing a part and in program- 
ming a machine tool to make it illus- 
trates another important contribution 
that computerized information links can 
make to manufacturing productivity. 
Before the advent of computers infor- 
mation pertaining to a product was of- 
ten scattered in various departments of 
a company. The engineering drawings, 
for example, carried certain descriptive 
information about a product as well as 
its geometry, but details about how the 
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JACQUARD LOOM was the first practical industrial machine to be. controlled by a stored 
program of operations; the program was encoded in an array of holes punched in a series of 
cards. The Jacquard loom was the forerunner of the numerically controlled machine tool, 
which carries out instructions encoded as holes punched in a paper tape. On the loom the pat- 
tern of the weave is ingeniously made to correspond to the pattern of the holes on the cards. A 
row of needles mechanically connected to the warp, or lengthwise, threads probes each row of 
holes. If a needle engages a hole, the corresponding thread is raised during the next operating 
cycle and so appears on the upper surface of the fabric. If the needle does not engage a hole, 
the thread remains in place and passes to the underside of the fabric. The programming cards 
enable the machine to execute a complex sequence of motions automatically, and they allow 
the sequence to be altered conveniently by changing the pattern of holes. The device was in- 
vented for the silk industry by the French weaver Joseph-Marie Charles Jacquard in 1801. 
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BENEFITS OF MECHANIZATION in the factory can result from 
more efficient management of information as well as from the auto- 
matic control of production machinery. Group technology is an elec- 
tronic filing system whereby the names of all the parts made by a 
manufacturing company are stored with a list of descriptive charac- 








CONCEPT 


SIMPLIFIED DESIGN and process planning are made possible by 
group technology. If a new part is needed, the designer can search 
the inventory of old parts stored in the electronic group file accord- 
ing to the characteristics specified for the new part. For example, if 
the designer wants a part that is tapered, squared off at the ends, made 
of steel and bored through along the radial axis, the file might re- 
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teristics of each part. The parts are cross-referenced by characteris- 
tics such as shape, material and processing operations, and so a list of 
all the parts that have given characteristics can be generated. Group 
technology can eliminate the wasteful design of a new part whenever 
it identifies a part already made that will serve the same purpose. 
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trieve a bored, truncated conical part already being manufactured, 
together with the processing steps in its fabrication. The designer can 
then modify the old design and process plan to create the new part 
without starting from scratch. The new design can be tested with the 
help of a computer program to meet engineering specifications; the 
design and process plan are then stored in the group-technology file. 


product was to be manufactured, what 
machines were to be used and when the 
product was scheduled for processing 
on a particular machine were kept only 
by the department responsible for that 
aspect of production. Much of the scat- 
tered information was redundant, and 
its distribution created difficulties in 
keeping it accurate and up-to-date. 

My colleagues and I have identified 
six functional areas that are now being 
linked to manage the flow of informa- 
tion throughout a factory. The areas are 


design, the storage and retrieval of in- 


formation about the parts being manu- 
factured, the management and control 
of available resources (such as labor, 
machines and materials) according to 
changing demands, the handling of ma- 
terials, the control of machine tools and 
other single-purpose machinery and the 
control of robots. By linking the six ar- 
eas one can achieve what Joseph Har- 
rington, Jr., of Arthur D. Little, Inc., has 
called computer-integrated manufac- 
turing. It is important to realize, how- 
ever, that data-processing technology 
must be fairly well developed in each 
of the areas before the benefits of link- 
ing them become significant. 


Perhaps the most remarkable in- 
stance of growth in productivity as 
a result of information technology is 
in the design of parts and production 
processes. Computer-aided-design pro- 
grams Can carry out geometric transfor- 
mations so fast that the designer is no 
longer limited to the top, side and front 
views of a part that were characteristic 
of manually prepared drawings. He can 
observe the rotation of the part about 
any axis on the screen, “zoom” in close 
to see details or take up a distant point of 
view to visualize the object as a whole. 
Any cross section of the part can be dis- 
played. If the part is to be mated with 
other parts during assembly, the design- 
er can move the parts about on his 
screen to check for fit. Hence many pro- 
totypes and engineering models can be 
eliminated. 

The image displayed on the screen 
can be stored permanently in the data 
on a magnetic tape or disk. If a copy 
on paper is needed, it can be generated 
quickly with a plotting device driven by 
the computer. Because the design is sim- 
ple to alter in electronic form it can be 
changed as many times as necessary 
without the major effort of redrawing. 
The design is accessible to everyone 
who must work with it as soon as it is 
electronically filed, so that manufactur- 
ing functions such as the planning and 
scheduling of production can be started 
earlier. Because alterations are made 
only to the centrally filed design there is 
less chance that someone will work with 
an outdated version. 

The ready accessibility of the design 
throughout the company tends to break 
down the institutional barriers between 
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BACK-SCHEDULING from the date a finished product is needed must be done in order to 
determine when the component parts must be manufactured or bought from suppliers. If the 
component is ready on the date it is needed and not before, the expenses associated with main- 
taining an inventory of parts (such as insurance, warehousing and the cost of capital) can large- 
ly be eliminated. To reduce inventory without causing delays, however, the back-scheduling 
must be thorough and accurate. The illustration shows how back-scheduling might be accom- 
plished for a part made up of three components. Accurate back-scheduling depends on careful 
analysis of the lead time and manufacturing time for each part and on an accurate inventory. 
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MANUFACTURING RESOURCE PLANNING is a more complex form of back-schedul- 
ing, in which inventory, demand, a sales forecast and the priorities of management are all tak- 
en into account to generate a master production schedule. A computer can then generate de- 
tailed production schedules for thousands of parts, materials and processing needs. The suc- 
cess of the system depends on fast and accurate feedback on the status of parts, materials and 
other resources that must meet the back-scheduled deadlines in order to conform to the master 
schedule. The flow chart indicates the ideal flow of information in such a planning system. 
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the design and the manufacturing de- 
partments. Because the part can be 
viewed in any orientation, at any scale 
and in any cross section the intent of the 
designer is much clearer than it is in a 
three-view drawing. In return one of the 
most important benefits to the designer 
is that an engineering analysis can be 
done quickly enough for several alterna- 
tive design solutions to be tried. Engi- 
neers can analyze the part for its re- 
sponse to various kinds of stress without 
building a model or a prototype. 

The engineering analysis is also done 
with the aid of a computer at a cathode- 
ray-tube terminal. In one method, called 
finite-element analysis, the part is divid- 
ed into many small elements, or cells, 
and the response of each element to 
stress is observed on the screen. For ex- 
ample, the computer can generate an 
image of the part as it would look if it 
were deformed by mechanical stress, 
showing where the weaker regions are 
found. Other properties that vary with 
position, such as thermal and electrical 
conductivity, can. be indicated with a 
color code for each cell. 


he application of computer-aided 
design generally improves produc- 
tivity in the drafting room by a factor of 
three or more, and it has brought strik- 
ing overall benefits to manufacturers. At 
General Motors, for example, the rede- 
sign of a single automobile model re- 
quired 14 months instead of the usual 
24. Another company reduced the time 
needed to design custom valves from six 
months to one month. A manufacturer 
of molds for plastic parts was able to 
increase its output from 30 mold cavi- 
ties per year to 140, solely because of the 
increased efficiency afforded by a com- 
puterized design system. Furthermore, 
the greatest savings that result from 
computer-aided-design systems are of- 
ten effected during the assembly of the 
final product: the higher quality of the 
component parts makes the assembly 
faster and easier. 
The information stored in a computer 
that specifies the geometric design of a 
part and the stages in its manufacture 


need not be limited to the part for which 
it was originally intended. In order to 
design a new part and plan how it will 
progress through the factory it is conve- 
nient to refer to a design and a process 
that are already established for a similar 
part. The need to identify such parts 
quickly can be met by a rationalized sys- 
tem for the storage and retrieval of in- 
formation about parts, a system called 
group technology. 

Group technology is in effect an elec- 
tronic card file listing every part a com- 
pany manufactures, together with a sys- 
tem for sorting the cards according to 
various characteristics of the parts. The 
parts can be classified in any way the 
company considers useful; generally 
parts are coded for such physical char- 
acteristics as size, shape, volume and 
materials used and for such manufac- 
turing-process characteristics as the 
time required for the setup of the ma- 
chinery, the machining sequence and the 
number of parts ordinarily made in a 
single lot. Once the parts have been clas- 
sified the process planner for a new part 
can retrieve a list of old parts that have 
some of the same characteristics. He can 
then plan for the production of the new 
part simply by specifying that the manu- 
facturing process is to be the same as 
that for the old part, with any differ- 
ences noted. The procedure is called 
variant process planning. 

The labor savings made possible by 
group technology is remarkable. Analy- 
sis has shown that in many companies 
only 20 percent of the parts initially 
thought to require new designs actually 
need them; of the remaining new parts 
40 percent could be built from an ex- 
isting design and the other 40 percent 
could be created by modifying an exist- 
ing design. 

Group technology can be applied not 
only to planning but also to the produc- 
tion machines themselves. Production 
machines can be grouped according to 
the parts for which they are employed; 
they can also be sorted into small cells 
of machines, each cell being dedicated 
to the production of a single family of 
parts. The regrouping allows a higher 


DESIGN AND ENGINEERING ANALYSIS can be done with great efficiency on a comput- 
er terminal provided with specialized programs. The operator can interact with the terminal 
by entering data and commands at a keyboard, by employing a “menu” of special-purpose 
commands or by pointing to the screen of a cathode-ray tube (or to a surface in front of the 
screen that corresponds point for point with regions of the screen) with a stylus; in addition a 
few frequently used commands can be issued by means of a hand-held control panel. In the 
photographs on the opposite page the analysis of the forces on a device called a brace plate is 
demonstrated. A. model of the brace plate is generated (a). The plate is then schematically bolt- 
ed down, an axle is passed through its two collars and a force to be analyzed is applied upward 
(b). To determine the effects of the force on a collar, the axle and one of the collars are en- 
larged (c) and the collar is sectioned by planes (d) into a matrix of small regions. The regions 
are best visualized on the screen if each region is reduced in size by a small amount so that the 
regions separate. The shrinkage is intended only to improve clarity; it does not affect the analy- 
sis. The unloaded configuration of the ring is rotated so that its axis is perpendicular to the 
screen (e). The maximum distortion of the collar under the load is then calculated, and the re- 
sult is projected so that the distortion along the applied force is 100 times the distortion in oth- 
er directions (/). Images were generated by the Computervision Corporation of Bedford, Mass. 


production rate and a more efficient use 
of the machinery. 


D2 vespeibane the resources of a factory 
to maximize profits or productivity 
would be an exceedingly difficult mathe- 
matical problem. The methods of queu- 
ing theory and linear programming 
would have to be applied to a situation 
in which there may be hundreds of ma- 
chines and workers, thousands of poten- 
tial products and an almost unlimited 
number of routes a given product might 
follow during production. In the factory 
today, however, the practical problem is 
not to determine the best-possible con- 
figuration of labor, machines and prod- 
ucts. Typically the organization of pro- 
duction is so far from the mathematical 
optimum that even a clearly suboptimal 
solution may offer substantial improve- 
ment. The immediate need is for a rela- 
tively simple method of planning and 
control that can cut down on long wait- 
ing times and eliminate most of the costs 
associated with inventory. 

There are now several ways the com- 
puter can assist in planning and control. 
The simplest method is called manufac- 
turing resource planning, which seeks to 
predict the demand for each element in 
the manufacturing process at a given 
time. For example, a manufacturing- 
resource-planning program could indi- 
cate how many milling machines (and 
how many operators for the machines) 
are needed in a factory making several 
products that call for milling. The meth- 
od is an outgrowth of a system intro- 
duced by IBM in 1968 for determining 
when certain materials are needed in 
manufacturing. The basic idea of manu- 
facturing resource planning is that the 
scheduling of labor, materials, machine 
time and other resource elements that 
go into the manufacture of the product 
can be estimated by extrapolating back- 
ward from the delivery date for the 
assembled product. If the scheduling 
is done accurately, there is no need to 
maintain a parts inventory because of 
uncertainties in the demand for parts; 
instead each part can be manufactured 
just before it is needed. 

Suppose a company wants to make 50 
pruning shears for shipment on Septem- 
ber 1. To determine how many wood 
handles must be made and when they 
must be ready the manufacturing-re- 
source-planning system consults a struc- 
tured bill of materials for pruning 
shears. It finds that for every pair of 
shears two wood handles are needed. 
The system then determines that it 
takes, say, a week to assemble 50 prun- 
ing shears and two weeks to make 100 
handles out of wood stock. The wood 
supplier requires a week’s notice for de- 
livery, and so the system automatically 
generates an order for the wood on Au- 
gust 4, four weeks before the shears are 
to be ready for shipment. The system 
might also generate additional orders 
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COMPUTER-AIDED-DESIGN TERMINAL enables the design- 
er to create complex shapes by combining simpler ones. In the photo- 
graph at the upper left (a) a computer terminal displays the basic out- 
line of part of the upper section of a bulkhead for the F-15 fighter 
aircraft. Three planes perpendicular to the plane of the screen have 
been defined by three line segments, each of which is marked by an 
asterisk. The orientation of the plane of the bulkhead is indicated by 
a triangle with an asterisk; when the triangle is equilateral, as it is 
here, the bulkhead is parallel to the plane of the screen. In the sec- 
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ond photograph (4) the lines formed at the intersections of the’ three 
planes with the plane of the bulkhead are shown. In the third pho- 
tograph (c) the computer has drawn a curve slightly offset from a 
curve already drawn. In the photograph at the lower right (d) the closed 
region defined by the curve and by the three lines is automatically 
given rounded corners. The dimensions of the region, although they 
are not shown on the screen, are stored by the computer for retrieval 
when needed for engineering analysis or process design. The images 
were generated by the McDonnell Douglas Corporation in St. Louis. 





for wood to be kept in inventory, but the 
inventory would be maintained only at 
the level needed to cover uncertainties 
in the supply of wood; no reserve would 
be needed for uncertainties in demand. 


ite order to introduce manufacturing 
resource planning successfully a 
company must have accurate informa- 
tion on the parts needed for each stage 
in the assembly of a product, on the 
time needed for manufacturing each 
part (including not only the time spent 
actually working on the part but also 
the time needed for setting up ma- 
chines, for moving the part from one 
operation to the next and for delays 
while the part awaits processing at each 
station), on the lead time needed for 
purchasing parts from suppliers and on 
the company’s own inventory. Many 
companies have failed in their first at- 
tempt to set up a manufacturing-re- 
source-planning system because of in- 
sufficient data on these elements. 

Nevertheless, more than 100 systems 
for manufacturing resource planning 
have been developed, and they have 
been put into use at more than 10,000 
manufacturing sites. Their effectiveness 
has been demonstrated most clearly in 
factories where a considerable variety 
of products are made in comparatively 
small quantities; in these circumstances 
maintaining a large inventory would cut 
deeply into profit. Inventory reductions 
of up to a third and reductions of up to 6 
percent in the cost of purchased parts 
have been achieved. 

Manufacturing resource planning 
works quite well in job shops, where 
many parts are manufactured in varying 
quantities. When manufacturing is more 
repetitive, however, a system developed 
by the Toyota Motor Co. Ltd. called the 
Kanban system may be even more effec- 
tive. In the Kanban system the order for 
a part to be made at one station of a 
production line is generated only by the 
requirements of the next station on the 
line. A chain of orders from work sta- 
tion to work station is thereby set in mo- 
tion by a single order for finished prod- 
ucts at the end of the line. Every compo- 
nent of the finished product, such as an 
automobile, is pulled through the line by 
the chain of work orders exactly when it 
is needed. Thus unlike the manufactur- 
ing-resource-planning system, which de- 
pends on detailed, centralized planning 
of all subassemblies, components and 
raw materials and on efficient feedback 
from every work station, the Kanban 
system depends only on the centralized 
planning of the output of finished prod- 
ucts. Moreover, in Kanban the parts 
are made in the exact quantities needed 
for production, with no allowances for 
wastage or spoilage, a feature of the sys- 
tem that requires standards of quality 
control now met primarily in Japanese 
factories. In the future computer pro- 
grams will probably incorporate the 
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best features of manufacturing resource 
planning for job-shop production and of 
the Kanban system (to the extent that 
non-Japanese societies can incorporate 
its methods) for repetitive production. 


‘pe basic principles of manufacturing 
resource planning can be extended 
in a number of ways. The generation of 
timely part orders can be based on the 
date the finished product must reach a 
certain warehouse or distribution center 
instead of on the shipment date. This 
method of scheduling is called distribu- 
tion resource planning, and it must take 
into account the time needed for ship- 
ment. It can be employed to generate 
shipment dates for various products; its 
output can become input for a manu- 
facturing-resource-planning system. 
The computer can readily bring to- 


gether information from a manufactur- 
ing-planning or a distribution-planning 
system to generate summary reports for 
the management of a company. The re- 
ports could include the overall backlog 
of orders, the inventory level, the daily 
production rate and the daily difference 
between the input to the plant and its 
output. If the management wants to con- 
sider alternative production rates, in- 
ventory levels and the like, the computer 
can rapidly simulate the consequences 
of the changes for the rest of the compa- 
ny. Once a production plan is chosen it 
can still be optimized by the more rigor- 
ous mathematical techniques of linear 
programming and queuing theory. 

A common requirement for all ver- 
sions of resource planning is feedback 
about operations on the shop floor. In- 
formation on the movement of mate- 


2a 


rial, the performance of workers and 
machines and the attendance of work- 
ers can be collected by various means. 
For example, a worker’s time card can 
be imprinted with a machine-readable 
code such as the Universal Product 
Code bars, so that the working hours 
recorded by the time clock are automat- 
ically assigned to the worker. The pa- 
pers that accompany a job through vari- 
ous stages of processing can be similarly 
encoded, or the product itself can be. 
Typed messages can be entered from 
computer terminals throughout the fac- 
tory. The information enables managers 
to determine whether a part is meeting 
the schedule set for it by the planning 
system, and if it is not, to decide what 
measures should be taken. The informa- 
tion feedback need not be registered in 
the computer immediately; in most cir- 





STEPS IN THE PRECISION MILLING of the upper half of an F-15 air- 
craft bulkhead are shown as the process is simulated on the screen of a 
computer terminal (upper photographs) and as it appears on the factory 
floor (lower photographs). The shape and dimensions of the final part, 


which are entered into the computer by the designer (Ja), serve 
as input data for a computer programmer, who then specifies 
the path of a cutting tool on a rough forging (7b). The cutting 
tool is moved into place above the forging (2a, 2b) and enters the 
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cumstances an update once or twice a 
day is sufficient. 

One of the most important benefits of 
a system for manufacturing resource 
planning and control is that it enables 
the company to respond quickly to 
changing market conditions. Before the 
introduction of automatic planning sys- 
tems the response to changing priorities 
was the duty of the expediter, and the 
role of expediter usually fell to the shop 
foreman. Consequently when such sys- 
tems are installed, the foreman can go 
back to being a foreman, that is, he can 
focus on being the leader of a group of 
workers rather than spending his time in 
efforts to relieve shortages of parts, to 
order repairs for machines and to shep- 
herd the latest top-priority item through 
the production line. 

Although I have emphasized changes 


workpiece along a spiral path; it then cuts an ever widening re- 
gion in the forging (3a, 3b). The operation of the milling ma- 
chine is controlled by the computer program. There are three 
cutting heads mounted in parallel, so that three bulkheads can 


in the organization of the manufactur- 
ing enterprise, the mechanization of op- 
erations on the factory floor is also con- 
tinuing. Data-processing technology can 
be applied to the control of three gen- 
eral kinds of machines in the factory: 
machines that store, retrieve or trans- 
port materials, machines that process 
the materials and robots. 

Automatic storage and retrieval sys- 
tems transfer pallets of material into or 
out of storage racks up to 100 feet high. 
Smaller systems called miniloaders hold 
drawers of small parts. In both cases a 
part can be selected by number or by 
location, and an automatic shuttle is 
actuated that retrieves the part. Essen- 
tially such a system is an automatic 
warehouse in which the shuttle takes 
the place of the fork-lift truck and its 
human operator. Similarly, automatic 


guided-vehicle systems replace convey- 
ors and hand trucks for transporting ma- 
terials to and from the warehouse and 
throughout the factory. The driverless 
shuttle cars can be guided by signals sent 
through a wire embedded in the floor. 


he earliest numerically controlled 

machine tools were programmed 
by means of a punched paper tape. Each 
instruction to the machine was repre- 
sented by a pattern of holes in the tape; 
the pattern was decoded by an optical or 
mechanical reader attached to the tool. 
In most cases the paper-tape reader has 
been replaced by a small digital comput- 
er mounted on the machine. A modern 
computer—numerically controlled tool 
can be as big as a small house and 
can incorporate a cutting head capable 
of independent motion around several 





be machined at one time. Each cutting head of the machine can move 
along three axes in space and can tilt around the two horizontal axes, cut- 
ting to a tolerance of a ten-thousandth of an inch. The workpiece is at- 
tached to a similar machined part to create the finished bulkhead (4a, 45). 


101 


axes at the same time; the computer con- 
trol enables the machine to cut metal 
automatically to tolerances of a ten- 
thousandth of an inch. Moreover, the 
program can prevent the machine from 
cutting too deep into the workpiece and 
sO ruining the part, and in some cases 
it can signal the machine operator to 
change or sharpen the cutting tool when 
sensors indicate that the torque required 
to make the cut is outside the proper 
range of values. 

When several computer—numerically 
controlled machine tools are linked by a 
hierarchy of computers, they are called 
direct-numerically controlled machine 
tools. Typically each machine is con- 
trolled by a microcomputer; several ma- 
chines are linked by a minicomputer, 
and several minicomputers are tied in 
turn to a large mainframe computer. 


ASSEMBLY OF THE F-15 AIRFRAME is not yet automated, but its 
stages can nonetheless be planned at the screen of a computer terminal. 
In the upper photographs successive stages in the assembly are shown as 
they appear on the screen; in the lower photographs the corresponding 
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The programs for the manufacture of 
every part the company makes can be 
stored in a central data base, and they 
can be transferred from the mainframe 
computer to any of the machine tools 
in the network. In addition information 
about the status of each machine, the 
volume of its production and the quality 
of the finished parts can flow back to 
the mainframe computer from the pe- 
ripheral controllers. As many as 100 
machine tools can be connected in such 
a hierarchy. 

In a direct-numerically controlled 
system the only connection between the 
tools is electronic; the workpiece must 
still be moved from one machine to an- 
other by manual methods. If several 
direct-numerically controlled machine 
tools are further linked by a materials- 
handling system and the mainframe 
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computer is programmed to operate the 
tools in a specified sequence, the result is 
called a flexible manufacturing system. 
In such a system families of parts are 
selected through group technology for 
machining. Once a pallet of workpieces 
is set in place the workpieces proceed 
automatically from tool to tool, where 
they are machined in the proper se- 
quence. The entire system may require 
loading and unloading only once a day; 
one person is needed to oversee the op- 
eration of the system for the rest of the 
day. Furthermore, the fraction of each 
shift a machine spends cutting metal can 
be as high as 50 to 90 percent in a flex- 
ible manufacturing system; with a com- 
puter-numerically controlled machine 
tool standing alone the cutting time may 
be as low as 10 to 30 percent of the total 
shift time. 





stages are shown in the assembly plant. The bulkhead is first 
mated to three similar bulkheads to form the midsection of the 
aircraft (Sa, 5b), the midsection is attached to the front section 
(6a, 6b) and finally the wings and tail section of the aircraft 


The higher the level of integration 
among machines, the greater the need 
for some form of automatic inspec- 
tion of products. A worker operating a 
machine tool manually can note a de- 
fect and stop work immediately, but a 
machine running autonomously could, 
through a mechanical failure or a pro- 
gramming error, ruin an entire batch of 
parts. Information from various sensory 
devices on the machines can be em- 
ployed to accept or reject individual 
parts. The information can also serve to 
build a statistical data base. The statisti- 
cal summary is required in certain in- 
dustries, such as pharmaceuticals and 
aircraft manufacturing, and statistical 
feedback makes it possible for the com- 
puter that controls each machine tool to 
adjust the tool during production. 

A manufacturing system that has be- 





come emblematic of factory work in 
general is the assembly line. It should 
be noted that the assembly line is not 
necessarily a mechanized system; it is a 
method of organizing work that can be 
applied either to human workers or to 
machines. Many products are still as- 
sembled by hand, with each worker do- 
ing One small step of the job and passing 
the workpiece on to the next station. 


EF products that are made in large 
quantities the assembly process can 
be automated entirely by building a sin- 
gle-purpose machine. The design and 
construction of such machines consti- 
tute a highly developed art that draws 
on a variety of ingenious methods for 
orienting parts, fitting them together 
and fastening them. In most instances 
the design of the product itself is modi- 





are added (7a, 7b). The turbine engines are installed during a later stage in the assembly. One 
advantage of the computer simulation of the assembly is that the designer can determine at a 
glance whether or not the components will fit together properly. The photographs on these 
two pages and on the preceding two pages were made at McDonnell Douglas in St. Louis. 


fied to facilitate automatic assembly. 
The chief disadvantage of such “fixed 
tooling” is a lack of versatility: a ma- 
chine for the assembly of fountain pens 
cannot be adapted to the manufacture 
of ballpoint pens when the demands of 
the marketplace change. 

The robot, a programmable machine 
capable of moving materials and per- 
forming repetitive tasks, is beginning 
to make automated assembly economi- 
cally feasible in some lower-volume ap- 
plications. In certain cases the robot 
replaces a human worker carrying out 
some routine operation, such as load- 
ing products onto a pallet. In other 
cases a system of robots is a more flex- 
ible (but generally slower) alternative 
to fixed tooling. 

The main difficulty in the use of ro- 
bots for assembly is that the robot is not 
yet able to pick a randomly oriented 
part out of a bin. If the orientation of the 
part is preserved at all stages of the as- 
sembly process, however, the robot can 
compete economically with other ma- 
chines. One of the most important appli- 
cations of robots in the U:S. is in the 
loading and unloading of machine tools. 
The other primary applications so far 
are in jobs that are dirty, hazardous, 
unpleasant or monotonous. Between 
5,000 and 7,000 robots are currently 
used in American industry for spot 
welding, spray painting, machine load- 
ing and unloading and certain assembly 
operations. In Japan the robot popula- 
tion is about 80,000, but the Japan In- 
dustrial Robot Association accepts a 
broader definition of robots, including 
simple mechanical manipulators with 
mechanical stops that would not be con- 
sidered robots in the U.S. 

Although robots and computer—nu- 
merically controlled machine tools are 
alike in being programmable, the robot 
is generally much smaller and can easily 
be moved about. Moreover, in many 
cases the robot is programmed analogi- 
cally, that is, by placing the device in the 
“teach” mode and moving its arm exact- 
ly as the job demands. Hence many ro- 
bots act as recording and playback de- 
vices that simulate human motions, al- 
though they can also be programmed 
with a set of coded instructions in a 
high-level computing language. Their 
main advantage over human workers 
is that their performance never varies; 
they are rarely faster than human work- 


ers, but they never tire and they are of- 
ten more reliable. 


he integration of the six major areas 

of manufacturing technology—de- 
sign, group technology, manufacturing 
resource planning and control, mate- 
rials handling, manufacturing process 
machines and robots—depends on a 
carefully designed hierarchy of infor- 
mation flow. The linkage of the six areas 
is brought about by a centralized proc- 
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FLEXIBLE MANUFACTURING SYSTEM is an automated set 
of programmable machine tools for metalworking. The machines 
are controlled by a hierarchy of computers and are linked by a con- 
veyor that carries workpieces from one machine to the next. The 
minicomputer determines the overall sequence of operations to be 
carried out on each workpiece. When the workpiece reaches a ma- 
chine, the minicomputer also directs the machine to select a cutting 
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tool and “downloads” a program into a smaller microcomputer that 
controls the cutting path of the tool. Flexible manufacturing systems 
have now been built that can run for hours without intervention. 
Parts to be machined are loaded at the entry to the system during the 
first shift, and the system operates throughout the second and third 
shifts. Setup times are so reduced that such a system may be able 
to manufacture 100 randomly selected rotational parts in 72 hours. 


essing system, but there are also many 
kinds of information in each of the areas 
that need not be centrally stored. Dis- 
tributed, or decentralized, data process- 
ing has become possible in the past 10 
or 15 years because of the tremendous 
growth in microelectronic components 
and the decreasing cost of storing and 
manipulating information. In manufac- 
turing, as in other sectors of the econ- 
omy, the trend is to disperse powerful 
minicomputers and microcomputers to 
the individual workers, making each 
worker responsible for data entry and 
processing control. Computers can then 
be linked to one another and to the cen- 
tral data base of the company by tele- 
phone lines or another telecommunica- 
tions network. 

Given the capabilities of existing tech- 
nology, it is possible to imagine in some 
detail how a factory could operate if all 
six of the areas I have discussed were 
linked in interdependent modules. The 
factory floor would be divided into cells 
defined by their manufacturing func- 
tion, such as a design cell, a flexible- 
machining cell, a welding cell and an 
assembly cell. Dozens of robots might 
be linked by a hierarchy of computers, 
much as direct-numerically controlled 
machine tools are today. Feedback to 
the manufacturing control systems from 
the robots, from the machines and from 
the people in the factory would be im- 
mediate, and so the planned flow of 
products through the factory could be 
adjusted continuously to reflect changes 
in operating conditions. The design of 
the plant would emphasize flexibility, so 
that a variety of products could be made 
by the same machines; indeed, prod- 
ucts might be made in unit quantity. 


Cee between the facto- 
ry and a company’s most impor- 
tant outside customers, suppliers and 
subcontractors would be carried on di- 
rectly among the computers of the vari- 
ous organizations. Drawings, for ex- 
ample, would not be issued to a sub- 
contractor; instead the geometric data 
and machine-tool programs needed to 
shape a part would be transferred elec- 
tronically to the subcontractor’s com- 
puter. Similarly orders from major cus- 
tomers or to major suppliers would 
be transmitted electronically. Within 
the company separate divisions would 
be interconnected by a satellite-based 
communications system. 

The size of the individual manufac- 
turing plants is likely to be small: fewer 
than 500 people per plant in most cases. 
For the manufacture of some types of 
products the size of a plant could be as 
small as five workers. The Yamazaki 
Machinery Corporation of Florence, 
Ky., is setting up a plant for the manu- 
facture of machine-tool parts that will 


employ only five workers on the first | 


shift, one worker on the second shift and 
one on the third. Such small plants 


would create a more personal working 
environment, and the efforts at each 
plant would be focused on the manufac- 
ture of a few families of products. No 
single plant, however, would have much 
influence on the policies or financial 
well-being of the company as a whole. 

The reduction in the number of blue- 
collar workers in factories is likely to 
continue as robots and flexible manu- 
facturing systems are installed. Many 


other trends in manufacturing, however, 


will affect skilled professional workers 
as well as craftsmen and laborers. Mid- 
level white-collar workers will probably 
have to be retrained to exploit the new 


technology, and engineers will find it 
necessary to continue their education. 
Hence it is likely that corporate design 
centers will continue to be attracted to 
the environs of cities with major edu- 
cational centers, such as Boston and 
San Francisco. Independent engineering 
service companies will probably estab- 
lish themselves near the same cities. 
Given the undeniable dislocations in 
the work force and the expense of in- 
formation-processing technology, why 
would one expect the technology ever 
to be installed? For the short term the 
answer most often given is that man- 
ufacturers must compete in worldwide 





ROBOT ARM < capable of independent movement around six axes is a freestanding machine 
that is programmed analogically. An operator “teaches” the robot a three-dimensional pat- 
tern of motions by moving the end of the arm through a sequence of positions and orientations. 
The robot records the maneuvers in the memory of a computer and repeats them indefinitely 
when it is called on to do so. The end of the arm can be fitted with a grasping device or another 
tool, such as a paint sprayer or a pair of spot-welding electrodes. The robot is shown with a spin- 
ning abrasive tool for deburring castings. The robot has no sensors, but several other kinds of 
robot have been equipped with devices that sense torque, gripping force, the visual field and 
other features of the environment. It has not yet been possible, however, to endow a robot with 
the ability to pick a randomly oriented part out ofa bin of similar parts. Hence, unless the 
orientation of a part is constrained before the robot encounters the part, the adaptability of 
the robot to assembly and other tasks that require the exact orientation of the part is limited. 
The illustration shows the Type 80 vertical robot manufactured by the Ateliers de Construc- 
tions Mécaniques et Automation (ACMA) of Beauchamp, France, a subsidiary of Renault. 
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helps you grow. 


You must grow to succeed. So you’re 
always looking for tools to help you grow, to 
help you stretch your capabilities, to help you 
defy all the constraints. A pple personal 
computers help you grow 
faster and go further than you 
ever thought possible. 

In a nutshell, an Apple 
personal computer gives you 
the power to pursue every 
creative thought that flashes 
into your mind. For example, 
take forecasting. While any 
computer can re-project results 
for you if you feed it a new set of assumptions, 
you don’t always have hours, or overnight 
(or even access to a computer) for the usual 
turnaround. How often do your brilliant 
flashes — the “What if ?” ideas — die out 
because you can’t act on them? Now put an 
Apple personal computer to work for you and 
get the information/analysis/options that 
answer your “What if ?” an instant after you 
pose the question. Imagine the possibilities! 

After you've picked the best solution 
(letting your Apple do the tedious legwork) 
you might want to organize masses of figures 
or relationships into comprehensible and 
operational graphics to support your 
conclusions. Your Apple gives you unlimited 
options — you have only to choose which 
graphic approach makes your point most 
effectively. Change your mind? Your Apple 
responds as quickly as you can think of a new 
tack. 

You can also use the same Apple to edit 
and format texts. And you can use your Apple 
to keep a wealth of critical data at your 
fingertips, to work with at a moment’s notice 
(that’s the last time someone holds up your 
decision by filing a key data source in the 
wrong place!). 

And this is just the beginning. Apple 
personal computers are way out in front with 









thousands of applications programs, and 
hundreds of accessories, from printers to 
telephone hook-ups. So your Apple can keep 
growing as fast as you do; and you won't be 
held back in your pursuit of 

- that moving target “Success: 


oe . ; What’s more, Apple is always 


bringing on stream more and 
better software and accessories 
that are fully compatible with 
what’s come before. That 
means no matter when you 

a climb into the Apple fast-lane, 
youll be able to accelerate 
with every future Apple breakthrough. 

In fact, there are more than 370,000 Apples 
in use today. 

App panna computers are the way to 

———_ ' grow faster and go farther. 
And who doesn’t want 
to do that? 

To find out how an 
Apple personal computer 
can help you grow, send in 
this coupon today. 
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markets. Manufacturers who acknowl- 
edge that information technology will 
put people out of work argue that with- 
out the technology they would not be 
able to compete at all, and all of their 
employees would lose their jobs. 

The mechanization of design and 


manufacturing promises the manufac- 
turer higher productivity, better quality 
at lower cost, the ability to give better 
customer service and the flexibility to 
meet the demand for an increasing array 
of products and options that have short- 
er life cycles than ever before. In sum, 


information-processing technology will 
continue to revolutionize the way work 
is done in design and manufacturing. In- 
formation and the ability to transmit it 
quickly will come to be recognized as a 
resource as valuable as money in the 
bank or parts on the shelf. 
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CORRECT ORIENTATION OF PARTS is a prerequisite of auto- 
matic assembly, but it is one of the most difficult processes to mecha- 
nize. For small, lightweight parts a device called a vibratory feeder 
can do what a robot cannot: it can reject all configurations of the 
part except the one needed for automatic assembly. In the illustra- 
tration a bin of randomly oriented toggle switches is mounted on a 
system of springs and vibrated up and down at a rate of between 60 
and 120 times per second. The vibrations impart a twist or torque to 
the bin, with the result that the switches “walk” up a spiral ramp on 
the inside of the bin. At the top of the bin the ramp meets a two-rail 
track, and the switches either fall off the track and back into the bin 
or continue to move along the track with the toggle pointing down be- 
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tween the rails. Only one of the four possible orientations can be ac- 
cepted, and so the switches are sorted at two stations along the track. 
At one station they move down a series of steps in the track and the vi- 
brations cause switches in two of the four orientations to fall back into 
the bin. At the second station the rest of the wrongly oriented switches 
are blown back into the bin by a jet of air. The device can feed cor- 
rectly oriented toggle switches to the assembly machines at a rate of 
2,400 per hour. Vibratory feeders can be constructed for orienting al- 
most any small part, but for parts longer than about six feet or heavi- 
er than about half a pound the rapid wear of the vibrating parts makes 
such a finely tuned system impractical. The machine in the diagram 
is manufactured by the Bodine Corporation of Bridgeport, Conn. 
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The Mechanization of Commerce 


Such services as finance, transport, distribution and communications 


are being mechanized even more than the production of goods. In 


the process they call tor workers with ever higher levels of education 


q onomic encompasses all the ec- 
Onomic interactions among the 
members of a society. It is infor- 

mation-intensive: it requires that infor- 
mation be made available on goods, 
their prices and their utility, and the 
modern means of paying for goods re- 
quires that financial information be 
transmitted between the parties in- 
volved. Moreover, the storage and 
transportation of goods call for detailed 
records such as schedules and manifests. 
Commerce has therefore been quick to 
adopt new forms of technology for 
processing information. Clay tablets 
found in the Middle East furnish strong 
evidence that writing originated with 
commercial records. More recently the 
sales history of computers shows that 
the large-scale industrial application 
of computers began with commercial 
functions. 

Today, when commerce is responsible 
for more than 35 percent of all employ- 
ment in the U.S., the new electronic 
technologies dominate the mechaniza- 
tion of financial institutions. In other 
commercial sectors nonelectronic ma- 
chines play a larger role. Beyond this 
some central themes emerge that are 
useful for understanding the mechani- 
zation of commerce: how it arises, how 
it is implemented and what its impacts 
are likely to be. Here I shall give a series 
of examples to develop these themes. 
The examples will come from four ma- 
jor areas: finance, transportation, the 
distribution of goods and lastly commu- 
nications. 

One theme concerns the role of gov- 
ernment in commerce. Traditionally 
governments have performed certain 
commercial functions or have _ inter- 
vened in them. Good coinage, honest 
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weights and balances, well-maintained 
roads and port facilities and equitable 
(or at least consistent) judicial systems 
played a major part in establishing the 
success of city-states and later of na- 
tions. Hence most aspects of finance, 
transportation and communications in 
the U.S. have been subject to consider- 
able regulation, and the first-class mail 
service is operated by the Government 
as a monopoly. In many countries the 
same activities are conducted almost 
entirely by government organizations, 
and in virtually all countries a major 
part of the legal structure is devoted to 
codes concerned with commercial trans- 
actions. Inevitably, then, government in- 
tervention has influenced the adoption 
of new technology in commerce, some- 
times favorably, sometimes not. The ba- 
sis on which an industry is subsidized 
or regulated establishes incentives that 
favor the rapid adoption of some tech- 
nical applications and the slow adop- 
tion of others. 

A second theme is the almost uni- 
versal requirement in commerce for in- 
teractions among independent parties. 
Banks must cooperate with one another, 
and moreover they must have a consid- 
erable degree of uniformity in their ba- 
sic procedures if checks are to be a 
useful way to pay bills. Transportation 
companies, wholesalers and warehouse 
operators must work together to ensure 
the flow of goods from factories to 
stores. Even the U.S. Postal Service and 
the Bell System, which hold a dominant 
position in their field of communica- 
tions, must rely on others for significant 
parts of their total function. For exam- 
ple, the Postal Service relies on airlines 
and on the manufacturers of sorting ma- 
chines. The need for cooperation often 


CONTAINERIZED SHIPPING exemplifies the application of an ancient and fundamental- 
ly simple technology, containers, to the mechanization of modern commerce. Here containers 
are arrayed on the dock of the Global Marine Terminal in Port Elizabeth, N.J. Most of them 
are 20 feet long and hold from 8.5 to 11 metric tons of goods. The ship is the Neptune Dia- 
mond, out of Singapore, which makes a circuit of five U.S. ports and five ports in the Far East. 
It carries a maximum of 2,100 20-foot containers, about a fourth of which are off-loaded at 
the Global Terminal and replaced by other containers during a stopover of some 30 hours. 


limits individual organizations in their 
choice among available technologies. Of- 
ten a move toward mechanization can 
be made only after broad agreement 
within an industry or across several in- 
dustries, and this requirement can dic- 
tate the pace and the nature of change. 
In the light of this second theme the 
third is ironic. Many of the most effec- 
tive mechanizations in commerce have 
been based on quite modest devices. 
Many others have been based on new 
configurations of standard machines. 
Often they are machines that have long 
been used in other economic sectors. 


mong financial industries banking of- 
fers the widest scope for examin- 
ing the nature and impact of mechaniza- 
tion. A good place to begin is with a 
familiar item: the checks people and 
businesses employ to receive and make 
payments. Offered by some 14,000 com- 
mercial banks (and now by some 5,000 
savings banks through Negotiable Or- 
ders of Withdrawal, which are the equiv- 
alent of checks), checks and their proc- 
essing have always been labor-intensive 
and form an obvious target for mecha- 
nization. 

Regardless of where it is deposited, a 
check, or at least the information on 
it, must be returned to the person who 
wrote the check by way of his bank. 
The journey is sometimes a long one. 
The mechanization of the process began 
years ago with the introduction of elec- 
tromechanical check-sorting equipment 
and bookkeeping machines. Then the 
Federal Government began producing 
almost all its checks on punch-card 
stock. These early steps, however, were 
fairly limited. The start of modern 
check processing was the introduction 
of magnetic-ink character recognition 
(MICR) encoding on all checks. These 
machine-readable numbers identify the 
account on which the check is drawn 
and the bank in which the account is 
held. Complete machine processing be- 
comes possible when numbers that iden- 
tify the receiving account and the bank 
are entered into computerized records 
by the bank at which the check is first 
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MOVEMENT OF CONTAINERS serving a transoceanic shipping 
route is diagrammed. Goods from small shippers are packed in con- 
tainers at local terminals by consolidators and freight forwarders (/); 
goods shipped in large quantity (2) need no such mediation. The con- 
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tainers are carried overland by truck (3) or train (4); the trains may be 
organized specifically to move sets of containers. In some instances 
containers are transferred from one mode of transportation to anoth- 
er (5), a circumstance favoring the growth of transportation compa- 


deposited and the amount of the check is 
MiIcR-encoded on the check itself. 

The introduction of micr took almost 
15 years. It began in the early 1950’s 
with a series of studies sponsored by sev- 
eral bank associations and the Federal 
Reserve System. In 1958 standards for 
coding, the position of codes on checks, 
an acceptable printing ink and similar 
requirements were established. Another 
10 years were to pass before essentially 
all banks employed micr, but with the 
larger banks taking the lead some 85 





percent of all checks were being encod- 
ed with MICR numbers by 1963. The 
process illustrates the long time it takes 
when a large number of organizations 
must be brought together to make stan- 
dard changes, even if the changes ap- 
pear to be simple. 

- MICR’s stream of machine-readable 
data speeded the development of com- 
puter-based record keeping for virtually 
all checking accounts. And the benefits 
of having mechanized account records 


spread rapidly to other bank activities. 


b 





Computer-based equipment for tellers 
was introduced early in the 1960’s to 
speed the entry of data and the process- 
ing of transactions that originate at a 
teller window. More recently the exis- 
tence of computer account records has 
facilitated the growth of automatic tell- 
er machines (ATM’s). These have _ be- 
come increasingly popular; cash with- 
drawals and certain other operations, 
such as transfers between accounts at a 
single bank, can now be done at any time 
rather than only during banking hours. 
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SIX INDICATORS OF GROWTH in the U.S. banking industry are 
charted logarithmically, so that equal rates of increase among the in- 
dicators would be represented by lines of identical upward slope. Em- 
ployment in the industry (a) more than tripled in 30 years, and its 
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share of the civilian work force more than doubled (to 1.5 percent in 
1980). Meanwhile the number of checks being written (5) increased 
almost fivefold, the number of interbank transfers of funds handled 
by the Federal Reserve System’s telecommunication network, Fed- 





nies that operate in more than one mode. On the dock (6) the con- 
tainers get the attention of longshoremen and customs brokers and 
agents; then they are taken by a specialized tractor to the crane (7) 
that transfers them to a ship. The wheel flatbeds that carried the con- 
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tainers are left behind. A counterflow, managed by computer, sends 
empty containers to where they are needed. Computers also keep 
track of containers’ locations and transmit ships’ manifests (cargo 
lists) from port to port ahead of the ships by telecommunications. 


The AtTM’s illustrate a characteristic 
of much of the mechanization of com- 
merce. In an ATM transaction the cus- 
tomer himself punches a set of codes 
into a terminal; thus he provides his 
bank with machine-readable data. In ef- 
fect he is doing work for which the bank 
previously had to use its own staff. This 
type of “labor sharing” is becoming in- 
creasingly common. It is part of a trend 
that has been under way for decades; 
in the 1930’s, for example, self-service 
in supermarkets began to replace what 
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used to be the function of store clerks. 

A logical next step in the evolution of 
check processing will be for payments to 
be made by means of an electronic ter- 
minal in the home. The terminals them- 
selves are technically quite straight- 
forward. Their installation nonetheless 
awaits several developments. First, the 
population of home terminals must be 
large enough to make a bill-paying 
service economically feasible. Second, 
enough banks and merchants must 
agree on the terms of the service to give 
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it a reasonable degree of universality. 
Finally, consumers must have reasons 
to want to use the terminals. 
Potentially there are incentives for all 
the participants in such systems. Viewed 
in their totality the costs of checks are 
not small. When a check is used to pay a 
bill, for example, the cost is about $1. 
Somewhat more than half of that cost is 
incurred by the banks, and the remain- 
der is incurred by the biller and the pay- 
er for postage, paper and printing. The 
current costs, however, are almost invis- 


SALES SLIPS PROCESSED FOR BANK CREDIT CARDS 
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Wire (c), increased more than thirtyfold (the transfers in 1980 had a 
value of $78.6 trillion) and private transfer networks such as CHIPS, 
or Clearing House Interbank Payment System (d), began operation. In 
addition bank-issued credit cards (e, f) appeared. Before 1970 the 


growth of the banking industry reflected the growth of the popula- 
tion and the increasing popularity of checking accounts, Since 1975, 
however, the growth (supported by mechanization) has reflected the 
increasing rate at which money flows from one investment to another. 
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ible to the consumer: they are “bundled” 
into the total cost of bank and merchant 
services. Since most people are comfort- 
able writing checks, many will be reluc- 
tant to change unless they get some ben- 
efit in the form of lower costs, greater 
convenience or extra service. In effect 
people may insist that they be rewarded 
for the labor they provide when they 
handle transactions electronically. 


sor to individuals is only part of 
a bank’s operations; relations with 
business organizations are at least as im- 
portant. In this regard a major factor 
in mechanization has been the drive by 
businesses to improve their cash man- 
agement. As interest rates have risen the 
number of ways in which a business can 
earn (or save) interest on short-term 
loans has grown. To earn or save the 
interest, however, the business must 
know its cash position accurately and be 
able to move its cash around quickly 
and economically. To meet these needs 
a variety of electronic terminal systems 
have evolved that enable businesses and 
other organizations to communicate di- 
rectly with bank computers. By means 
of these terminals a business can keep 
track of its liquid assets almost minute 
by minute and can issue instructions for 
transferring them to where they can be 
best employed. 





In order to move the funds rapidly 
banks in turn must be interconnected 
with one another by computer-to-com- 
puter telecommunications networks. 
The oldest and most important network 
is FedWire. FedWire, which began in 
1918 when the Federal Reserve System 
leased a set of telegraph lines, serves to 
make settlements of the payments be- 
tween banks that result from the totality 
of checks and other transactions indi- 
vidual banks have processed. The settle- 
ments are final, in that the interbank 
payments transacted by way of FedWire 
are guaranteed by the Federal Reserve 
System. Other major wire systems are 
CHIPS (Clearing House Interbank Pay- 
ment System), which is operated by 
the New York Clearing House Associa- 
tion; BankWire, which is managed by 
an open consortium of U.S. banks, 
and S.w.1F.T. (Society of Worldwide In- 
terbank Financial Telecommunication), 
which originated as a European interna- 
tional system but now has many U.S. 
members. Among these, CHIPS provides 
the most dramatic example of growth 
and utilization. 

CHIPS was established in 1970. It re- 
placed an earlier system in which paper 
checks had been carried by messengers 
from major banks to the New York 
Clearing House, which provided a facil- 
ity for settling local interbank accounts 
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FLOW OF CHECKS back to the payor’s bank (the bank on which they are drawn) is facilitat- 
ed by mechanization that depends in turn on the machine-readable numbers across the bot- 
tom of the checks. The flow is diagrammed at the left. It begins with payments made by check 
(1). The amount of each such check is credited to the payee’s account (2). Ultimately, how- 
ever, the amount must be subtracted from the payor’s account. Accordingly the check moves 
through a combination of three institutions: correspondent banks (3), which handle checking 
accounts for some banks and provide geographic coverage for others; clearinghouses (4), which 
receive the checks banks have credited to their own accounts and sort the checks for distri- 
bution to the banks on which they are drawn, and Federal Reserve Banks (5), which act as 
clearing houses. On the average a check in transit is processed by nearly two banks, including 
the payor’s bank (6). The machine-readable numbers on checks are shown above. They are 
printed on checks in an ink containing an iron oxide, so that the numbers are magnetized and 
can be “read” by sorting machines and computer-input devices. (Increasingly the net transac- 
tions among banks are being settled electronically.) On-us fields are at the discretion of the 
payor’s bank (or its correspondent): they identify the payor’s account and may record the 
number of the check itself. The amount field indicates the dollar amount of the check as en- 
tered on the check by the payee’s bank. The transit field guides the check through the banking 
system. Its first two digits specify which of the 12 Federal Reserve districts in the U.S. includes 
the payor’s bank. Its third digit specifies a Federal Reserve office in that district (or a special 
arrangement for collection of funds). Its fourth digit specifies a state in the district (or a special 
collection arrangement). The remaining four digits identify the payor’s bank specifically. In- 
formation in the transit field also appears (for manual sorting) at the upper right-hand corner. 


among its members. As the traffic in 
checks grew it became increasingly diffi- 
cult for clerks in the individual banks to 
process the day’s transactions with any 
assurance that outgoing payments (for 
which their bank would be responsible) 
were adequately covered by deposits 
and payments flowing in. The danger 
was either that the local checking system 
would lose its timeliness or that clerks 
would be forced to rely on their own 
judgment to decide whether or not to 
forward specific outgoing payments. In 
forwarding some payments the clerks 
rather than senior bank officers could be 
authorizing large amounts of credit. 

The number of cups transactions has 
increased by a factor of 20 in the first 10 
years of the system’s full operation. In 
terms of the dollar value handled its 
growth has been even greater, amount- 
ing to an average annual increase of 
some 40 percent. So rapidly has the flow 
of money into and out of business ac- 
counts increased that a typical member 
of cups will process dollar values each 
day that can be tens of times the total 
worth of the bank itself. Meanwhile | 
consumer-oriented automatic clearing- 
houses have been created to handle elec- 
tronically operations such as the direct 
deposit of paychecks in an employee’s 
bank account and the payment of peri- 
odic consumer bills for mortgages, rent 
and utilities. In the case of direct depos- 
it, payroll data are transmitted to a 
clearinghouse, which rearranges the in- 
formation so that each bank gets the 
individual payroll payments for the ac- 
counts it maintains. Direct deposit, en- 
couraged strongly by the Federal Gov- 
ernment for its own employees and for 
Social Security payments, is growing 
fairly rapidly; so far the consumer-pay- 
ment side is clearly less popular. 


acorns all these changes has 
been the growth of bank-spon- 
sored credit cards. Banks were relative- 
ly slow to offer credit cards in force. 
Individual banks had offered cards in 
the 1950’s, and some regional systems 
evolved late in that decade, but the de- 
velopment of the two national bank sys- 
tems, called Bank Americard and Mas- 
ter Charge at first, did not take place 
until the late 1960’s. Growth after that 
was rapid, and the card systems have 
long since replaced many merchants’ 
credit operations as well as cash and 
checks. 

What has all this meant for banks, 
their customers and society in general? 
For one thing, it is clear that without 
mechanization many of the paper-based 
systems simply could not have coped 
with the growth in the use of bank serv- 
ices Over the past two decades. Not only 
would labor costs have risen greatly 
but also, given the need for the careful 
checking and balancing of individual 
entries the banking industry requires, 
the sheer handling of paper documents 
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would have made it impossible to keep 
the conduct of transactions timely. The 
result would no doubt have been some 
combination of higher prices, poorer 
service and limited growth. Instead pro- 
ductivity in the processing of checks has 
probably more than doubled between 
1960 and 1980. The growth in produc- 
tivity attributable to the wire networks 
has almost certainly been even larger. 

In a subtle way mechanization has 
contributed to a change in the nature of 
banking. Because of Government reg- 
ulations that restrict the activities of 
banks, the banks have lost ground to 
other financial organizations as interme- 
diaries between those who have money 


available and those who want to borrow 
money. For example, large corporations 
now transact short-term loans with each 
other rather than conducting the equiva- 
lent transactions with banks. The loans 
are mediated by underwriting and se- 
curities companies. Moreover, money- 
market funds have replaced savings ac- 
counts for many individuals. Mean- 
while, however, and partly as a result of 
high capacity, efficiency and low costs, 
the banks have increased their activity 
as movers of funds. In the process the 
operations of the financial intermedi- 
aries that now compete with banks have 
been supported and even facilitated. 
Employment in banking has not suf- 


fered from mechanization. Because in- 
creases in productivity have been ac- 
companied by even larger increases in 
the demand for bank services employ- 
ment grew by 50 percent between 1970 
and 1980, from slightly over a million to 
nearly 1.6 million. Much of the current 
flow of money through banks is a re- 
sponse to high inflation and volatile in- 
terest rates, and the flow may drop if a 
stabler economic environment returns. 
Regulatory reforms may remove the re- 
strictions banks now face. The industry 
has nonetheless been restructured, and a 
complete return of banks to their tradi- 
tional practices is unlikely. 

The distribution of goods has always 
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UNIVERSAL PRODUCT CODE is the set of thick and thin bars 
printed on many supermarket items now sold in the U.S. It encodes 
12 digits. Six of them, to the left of the “center guard pattern,” are 
each represented by a light space, a dark bar, a second space and a sec- 
ond bar. The other six, to the right of the center-guard pattern, are 
each represented by a bar, a space, a bar and a space. The arrange- 
ment enables the computer at a grocery checkout counter to deter- 
mine whether the code has been scanned backward by the sensor at 
the counter. (In that case the computer inverts the data.) The 12 dig- 
its have various meanings. The first decoded digit, which also ap- 
pears in “human-readable form” at the left of the pattern of bars, is 
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called the number-system character. A zero signifies a standard su- 
permarket item. The next five decoded digits (in this case 12345) 
identify the manufacturer of the item. The five digits after that (67- 
890) identify the item itself. The last digit, which does not appear in 
human-readable form, serves to confirm that the other 11 encoded 
digits have been scanned and decoded correctly. It is the smallest 
number that yields a multiple of 10 when it is added to the sum of the 
second, fourth, sixth, eighth and 10th decoded digits plus three times 
the sum of the first, third, fifth, seventh, ninth and 11th digits. Corner 
markings define the area that should be blank around the set of bars. 
The set of bars was prepared by the Photographic Sciences Corp. 


required financial services; in fact, many 
bank and insurance practices arose in 
response to the needs of those who 
transport goods. The mechanization of 
transport, however, clearly calls for 
more nonelectronic equipment than 
banking does, although transport too 
makes intensive use of electronic sys- 
tems. The combination of nonelectronic 
and electronic equipment can be seen 
in the recent growth of containerized 
shipping. Containers themselves are an 
ancient form of technology, but their 
current level of service owes much to 
the availability of telecommunications 
and computers. 


he modern container-ship era start- 

ed in the late 1950’s, when Mal- 
colm McLean acquired the Pan Atlantic 
Steamship Company, a shipping organi- 
zation that connected ports in the US. 
Northeast with ports on the Gulf of 
Mexico and in Puerto Rico. Having pre- 
viously operated a trucking line, Mc- 
Lean decided to offer a “ferry service” 
for trucks, but one that left the truck 
wheels ashore. By having flatbed trail- 
ers carry containers overland and by 
lifting the loaded containers between 
ship and shore he speeded loading and 
discharge and could move goods in con- 
tainers from their origin to their desti- 
nation. A similar service between the 
U.S. West Coast and Hawaii was inau- 
gurated by the Matson Navigation Com- 
pany at about the same time. Both ser- 
vices flourished and others began to 
emulate them. 

The subsequent progress of contain- 
erization was difficult. The standardiza- 
tion of container sizes and of the fittings 
with which cranes lift the containers was 
an early requirement. Regulation also 
influenced the pace: Puerto Rican and 
Hawaiian routes were domestic and rel- 
atively unregulated, but U.S. interna- 
tional shipping services were both high- 
ly regulated and highly subsidized by 
the Government. The subsidy mecha- 
nism tended to discourage the adoption 
of container technology; for example, it 
subsidized U.S. operators for crew costs 
higher than those of foreign operators 
but not for the costs of developing more 
fully mechanized ships and services. 

Institutional barriers were also nu- 
merous. Shipping has many partici- 
pants: shippers, freight forwarders (con- 
solidators of cargo who make money 
from the differential in transportation 
rates between small quantities and larg- 
er ones), overland carriers, insurance 
companies, longshoremen, pier opera- 
tors, agents and customs brokers (who 
are hired to expedite the formalities at 
the dockside) and the shipping lines 
themselves. There are likewise many 
regulators: the Federal Maritime Com- 
mission, the Maritime Administration, 
the Interstate Commerce Commission 
and the U.S. Customs Service. Each of 
these parties was affected differently by 


the introduction of containers, with 
some gaining advantages and others 
feeling threatened. Although the net fi- 
nancial effect of containerization was a 
considerable savings in costs, the distri- 
bution of the savings was worked out 
only slowly. 

Containerization offers many bene- 
fits. Cargo is better protected from dam- 
age and pilferage and so insurance rates 
can be lower. Handling times and costs 
are greatly decreased; indeed, in many 
instances containers can move from 
their origin to their destination without 
being opened en route. From the ship 
operator’s point of view the major gain 
is the far greater utilization of his pri- 
mary asset: his ships. With cargo-han- 
dling rates in port increased by a factor 
of 10 or more (from about 500 tons 
per day for conventional ships to 5,000 
for container ships) container ships can 
spend far more time at sea earning mon- 
ey and less time in port, where all they 
accrue are costs. 

To support container services a vari- 
ety of telecommunications and comput- 
er systems are crucial. Since the ships 
are large, fast and spend little time in 
port, their cargo manifest is seldom 
complete when they are ready to leave. 
Thus manifests are best transmitted by 
telecommunications from computer to 
computer rather than being sent by air 
mail to destination ports. Even more im- 
portant, it is necessary to keep track of 
the multitude of containers. Who owns 
each one? What type of container is it? 
Where is it? What does it carry, and 
from where to where? What is its condi- 
tion? Does it need repairs? Who owes 
whom how much money for its use or 
maintenance? Where should it go next 
when it is empty? Is the supply of emp- 
ties in a region adequate or inadequate? 
Where can empties be obtained? Small 
containerized shipping services can be 
operated without computers, but the 
large pools of containers necessary for 
efficient major operations would be- 
come hopelessly confused without com- 
puterized control. 


he container ships themselves are in- 

creasingly mechanized. Typically 
the engine room in the newer ones goes 
unmanned on the night shift, because 
the instrumentation and control systems 
on the bridge are adequate for most op- 
erations. Crews have dwindled in size 
(although they remain above the mini- 
mum levels set by the U.S. Coast 
Guard), and because of the small 
amount of time the ships spend in port 
crews get long vacations and are given 
quarters more reminiscent of cruise 
ships than of traditional freighters. 
Matching the decrease in port time has 
been a decrease in the number of berths 
needed at a port. To be sure, considera- 
ble space must be available to marshal 
and store containers, but this space of- 
ten is provided at new terminals on the 


outskirts of port cities. The inner-city 
waterfront previously devoted to ship- 
ping thereby becomes available for re- 
development as commercial, residential 
and recreational areas. 

Since all ocean transportation re- 
quires some associated overland move- 
ment, containerization has also had an 
impact on trucks and railroads. Rail- 
roads in particular can take advantage 
of the large flows of cargo arriving on 
container ships by introducing efficient 
unit trains that move the containers to 
major inland destinations. Such services 
now operate coast to coast in the U.S., 
where they also are being utilized inten- 
sively to deliver bulk cargoes such as 
coal and ores. The cars making up bulk- 
cargo unit trains are coupled together 
for an extended period. The couplings 
allow each car to rotate about the long 
axis of the train, so that they can be un- 
loaded by rotation without the labor-in- 
tensive operations of decoupling and re- 
coupling, an example of a simple tech- 
nology having quite impressive results. 

New electronic equipment is being 
applied in all forms of transportation. 
Computer-based systems are beginning 
to provide brokerage services that bring 
together empty trucks and cargo await- 
ing movement. Microprocessors in- 
stalled in vehicles now analyze data they 
get from sensors to improve the per- 
formance of all types of engines. They 
will come to have a role in other forms 
of vehicle control. In one potential ap- 
plication microprocessors would be giv- 
en information on the “consist” of a 
train (the order and weight of each car in 
the train) and use it to guide the train’s 
braking. The results would likely be 
lower fuel consumption and less wear 
and damage to both the train and its 
cargo. Up to now, however, the most 
widespread application of new electron- 
ic systems undoubtedly has been in air 
transportation. 

Consider electronic reservation sys- 
tems. The first was introduced in 1963 
by American Airlines, Inc. It was de- 
vised in a joint effort with the Interna- 
tional Business Machines Corporation. 
Before then the airlines employed mas- 
sive paper-based systems to keep de- 
tailed passenger records and had elec- 
tromechanical display boards in their 
larger reservation offices to show avail- 
able seats on planes. The displays were 
hard to read from a distance; in fact, 
agents sometimes had to rely on binocu- 
lars. The correlation between paper rec- 
ords and electromechanical ones often 
was quite poor. Between 1960 and 1980 
the number of passengers on U.S. air- 
lines grew by a factor of five. The speed, 
accuracy, ease of use and cost efficiency 
of electronic reservation systems clearly 
facilitated this growth. Since air trans- 
portation was an expanding industry, 
employment in it also increased (by 15 
percent between 1970 and 1980). 

More than most activities, transporta- 
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DATA BASE |<" CENTRAL COMPUTER 


INVENTORY CONTROL 
MARKET RESEARCH 


PRODUCT CODE IS SCANNED at the grocery checkout counter by a beam of laser light (/). 
The light reflected from the spaces between successive bars in the code (2) is converted into a 
continuous (analogue) electrical signal (3), which in turn is amplified (4) and “chopped” into a 
discontinuous (digital) signal (5). The latter signal is decoded, and the calculation of the 12th, 
or modulo-check, digit (6) confirms that the decoding is correct. Then a computer at the check- 
out counter (7) employs the decoded data to find in computer storage the price of the item. 
The decoded data (as input to a central computer) also guides inventory control, reordering, 
market research and the allocation of shelf space in stores. Bar codes of one type or another are 
now in service on library books, paperback books, magazines, order envelopes for photofinish- 
ing, ski-lift tickets, packages handled by delivery services and bags of blood in blood banks. 
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tion must be viewed as a system, since it 
often shunts goods from one mode of 
conveyance to another as it takes them 
from origin to destination. This suggests 
that the deregulation of transportation 
now under way in the U.S. will yield 
fewer and larger companies, with some 
of them operating in several modes. It 
seems likely that mechanization will ac- 
celerate the process, since the organiza- 
tions best able to exploit the benefits 
of mechanization will usually be those 
with a degree of control over the entire 
system of moving goods rather than just 
one mode of it. 


the each aspect of the final distribution 
of goods (that is, in wholesaling, 
warehousing and retailing) a variety of 
types of mechanization are in progress. 
An example in wholesaling is intercom- 
pany electronic-data interchange. Here 
the intent is to mechanize all aspects of 
order processing, including not only the 
transmission of orders to sellers but also 
the presentation to buyers, in electronic 
form, of current information on prices, 
discounts, special offers and the like. 
The technology is based on now-stan- 
dard telecommunications networks con- 
necting the computer terminals of the 
participants, but once again the critical 
requirement is for standardization. 

The requirement arises because indi- 
vidual businesses usually have their own 
format for preparing price lists, orders 
and invoices. This creates no problems 
for people but presents major difficulties 
for computers. Usually an agreement on 
standards and formats is reached by 
trade associations. For example, the 
Food Marketing Institute, the Grocery 
Manufacturers of America, Inc., and 
four other trade organizations have co- 
operated in developing standards for 
transactions among distributors, bro- 
kers and manufacturers of food. These 
standards make up the Uniform Com- 
munications System (ucs) for the gro- 
cery industry. A slightly different ap- 
proach is being taken for transportation 
documentation, an aspect of commerce 
that includes tariffs, manifests, control 
documents and arrangements for billing 
and payment. In this case the effort 
is being spearheaded by the Transpor- 
tation Data Coordinating Committee, 
a nonprofit organization supported by 
dues from shippers, carriers and other 
members. The approach most often tak- 
en in all these efforts has been to stan- 
dardize communication formats and 
protocols so that each participant is then 
able to develop computer programs that 
will translate between his private format 
and the communication standard. 

In warehousing computers serve a 
wide variety of record-keeping and 
scheduling activities. A particularly val- 
uable application is maintaining records 
of the location of items in storage. This 
makes possible random storage loca- 
tion, which can be almost twice as effi- 


cient as dedicated storage in utilizing the 
space in warehouses. Another major ap- 
plication is the mechanization of han- 
dling operations. The possibilities in- 
clude aids to essentially manual opera- 
tions by means of fork lifts and similar 
equipment that incorporate sensors and 
microprocessors; operator-controlled 
but nonetheless semiautomatic order- 
picking systems, and completely mecha- 
nized order-picking systems that can in- 
clude automatic palletizers and depal- 
letizers, devices that move cartons onto 
and off portable platforms. Fully au- 
tomatic specialized warehouse systems 
were designed as early as 1958, but most 
of the efforts since then have been devot- 
ed to semiautomatic systems because 
such systems retain greater flexibility 
for responding to changes in the sizes 
and shapes of the objects being handled 
in the warehouse. 


|& retailing the focus of mechaniza- 
tion has been the cash register and 
other point-of-sale systems. The retail- 
ing of food offers the best example, 
largely because of the introduction of 
the Universal Product Code bars (UPC). 
Like the machine-readable numbers on 
checks, they are an instance of standard- 
ization for the sake of mechanizing the 
input of data for electronic processing. 
upc bars are the set of thick and thin 
lines now printed on essentially all pre- 
pared-food items. At the checkout 
counter they enable the clerk to identi- 
fy each purchase to an electronic termi- 
nal by passing the item over a pho- 
toelectric laser scanner built into the 
counter. The terminal then retrieves the 
price of the item from the store’s cen- 
tral computer and prints it on a sales 
slip. At the same time the purchase rec- 
ord can be entered in an automatic in- 
ventory control and reordering system. 
That system in turn can produce data 
for market research, cost control in the 
store and shelf-space allocation. The 
least popular aspect of upc is the display 
of prices. The merchant wants to post 
prices only on the shelves where items 
are stocked and save the labor cost of 
having them stamped on the items them- 
selves. In some states, however, the mer- 
chant is being required by law to contin- 
ue putting the price on each item. Nev- 
ertheless, the product-code systems are 
cost-effective, and after a slow start they 
are spreading fairly rapidly. 

Other forms of mechanization in 
stores are quite common. Terminals 
have been developed to validate checks 
that a customer wants to cash by search- 
ing a data base to see if any of his pre- 
vious checks has ever “bounced.” Still 
other forms of mechanization are envi- 
sioned. Technically feasible, but not yet 
in significant service, is a terminal at the 
checkout counter that is connected to a 
local bank network. By inserting a plas- 
tic card known as a debit card the cus- 
tomer can directly debit his checking ac- 
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MECHANIZED WAREHOUSE in Hatboro, Pa., is controlled by 
computers; it stores and retrieves pallets (portable platforms) that 
bear nonprescription pharmaceuticals (chiefly Formula 44 cough 
medicine and Lavoris mouthwash) manufactured by the Vick Chem- 
ical Company. When goods are being stored, the conveyor at the right 
in the photograph brings pallets (with their loads) to any one of seven 
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aisles; there it transfers each pallet to an S/R (storage/retrieval) ma- 
chine, which is also called a stacker. The stacker carries the pallet 
down the aisle, raises or lowers it and shuttles it into a storage cubicle. 
The stackers, 65 feet high, move among 14,000 cubicles; the aisles are 
390 feet long. Each cubicle can bear a load of 2,500 pounds. The ware- 
house was constructed by Hartman Material Handling Systems, Inc. 





count by the amount of a purchase rath- 
er than paying for that purchase in cash 
or with a check. 


he last aspect of commerce I shall 
touch on is telecommunications. It 
is an aspect of high importance. For one 
thing telecommunications is one of the 
fastest growing industries in the world. 
It has a range of recognized technical 
alternatives and potential applications 
that will take several decades to fully 
exploit. (The telephone network is so ex- 
tensive that changes cannot come quick- 
ly. Imagine the effort that would be re- 
quired to extend fiber-optic lines into 
every household and connect them to 
produce a visual-communication sys- 
tem.) At the same time the availability 
of adequate telecommunications is a 
prerequisite for many of the forms of 
mechanization described above. 
Without a long history of incremental 
mechanization the telephone service we 
accept rather casually today would long 
since have become uneconomic or 1m- 
possible to maintain. The most obvious 
episode in this history was the introduc- 
tion of the dial system, which took the 
labor of establishing a telephonic con- 
nection between two parties and trans- 
ferred it from the telephone operator to 
the caller. Over the years the dialing sys- 
tem has been expanded in geographic 
scope to both national and international 
operations. Moreover, the efficiency of 
long-distance operations has been en- 
hanced by the installation of computer- 
based systems for recording calls and 
mechanizing the preparation of tele- 
phone bills. Within central telephone 
offices a series of technical advances has 
marked the transition from electrome- 
chanical switches to solid-state ones. 
The newer switches have lower main- 
tenance requirements, are faster, have 
better transmission characteristics and 
more efficiently collect and maintain 
data for usage analysis and billing. 
Many of these developments are 
based on sophisticated technology. The 
telephone system also illustrates, how- 
ever, that major advances in produc- 
tivity can be made with quite simple 
devices. Originally all telephone instal- 
lations were “hard-wired,” that is, the 
telephone lines were more or. less per- 
manently connected to the instruments. 
Then in the 1960’s telephone compa- 
nies introduced plug-in extension tele- 
phones. They nonetheless required that 
at least one hard-wired telephone be in- 
stalled at each service number. More re- 
cently practice has changed further: the 
telephone wiring now put into houses 
has universal sockets that enable us- 


ers to install their own telephones. Al-. 


though this last change reduced pres- 
sure from manufacturers selling equip- 
ment designed to interconnect with tel- 
ephone-company equipment, a major 
motive was the growing resistance of 
Government regulators to granting rate 


increases to cover escalating telephone- 
installation charges. Many of the tele- 


phone companies have now developed. 


computer data bases that record the lo- 
cation of all the wiring and jack sockets 
in a home, so that people changing their 
residence can determine their needs in 
advance and arrange to pick up tele- 
phones at a telephone store and install 
the instruments themselves. A relatively 
simple set of changes in industry prac- 
tice has thus allowed labor-sharing and 
a reduction in installation personnel. 


Ayes the mechanization under 
way in.commerce, one is reminded 
of some of the paintings of the elder 
Brueghel, with their almost frenetic en- 
ergy and their display of the diversity 
and detail of human activities. Com- 
merce is of course only one aspect of life 
and not the totality Brueghel viewed, 
and this narrower focus is largely re- 
sponsible for the similarities I have not- 
ed that run through much of its mech- 
anization. 


First, although commercial activities . 


provide most of our economic infra- 
structure, they also must rely on it. A 
technical innovation cannot be exploit- 
ed widely if the infrastructure to support 
it is not available. To be sure, some insti- 
tutions can take advantage of mechani- 
zation better than others, but the others 


cannot be left out or the process will’ 
fail to achieve the universality need-- 


ed to make it effective. This is the rea- 
son the development of formal or infor- 
mal standards is critical to widespread 
mechanization whether the standards 
are formats for data input and telecom- 
munications or specify the size, shape 
or other characteristics of physical ob- 
jects. The adoption of standards can 
trigger an entire set of steps toward 
mechanization. Still, the introduction 
of standards is not without risks. Stan- 
dards introduce a rigidity that may be 
regretted later if technical advances 
open up better possibilities. Difficulties 
also can arise when different standards 
conflict. Banks have chosen magnetic 
technology for the input of data; retail 
stores have chosen optical technology. 
This may turn out to raise a barrier 
wherever a combined system is sought. 

Second, mechanization calls for new 
institutional relations. Since commerce 
is a system and its benefits are distribut- 
ed among many participants, agreement 
must be reached (or forced) on how the 
benefits of an innovation are to be 
shared. Otherwise there may be disin- 
centives for any single participant to in- 
vest in the innovation; too few of the 
benefits may be gained by those who 
take the risks. The role of government in 
speeding, delaying or biasing mechani- 
zation, and therefore in the new in- 
stitutional relations, is pronounced. In 
telecommunications and the financial 
industries much of the current deregu- 
latory trend in the U.S. can be traced to 


technical advances that either could not 
be exploited well in the regulated envi- 
ronment or could be used to bypass the 
intent of existing regulation. In the latter 
case the nation was being left with the 
rules but without the benefits the rules 
were supposed to encourage. 

The benefits of the mechanization of 
commerce take many forms. Although 
labor productivity is an obvious exam- 
ple, the results of mechanization have 
almost always included advances in 
qualities such as capacity, speed, re- 
sponsiveness, reliability and economy. 
These advances have sometimes helped 
to increase demand, so that displace- 
ment of labor has been avoided and em- 
ployment has actually increased. In any 
case the level of activity and quality we 
now take for granted in many industries 
simply would not have been possible 
without mechanization. 

So much for the benefits; what about 
the drawbacks? Some of them are relat- 
ed specifically to commerce; others be- 
long to broader concerns about the im- 
pact of mechanization on society. In the 
first category the most publicized con- 
cern is the vulnerability of individuals 
that may result from mechanization in 
the various financial industries. This 
concern has already led to consumer- 
protection legislation covering the loss 
of credit cards, the actions required 
when errors in billing are found and 
similar matters. There remain, how- 
ever, fears about fraud, theft and inva- 
sion of privacy. 

There are a variety of measures to al- 
leviate these fears. Some measures are 
legislative, some are technical. They will 
of course have a price: higher costs for 
financial institutions and their custom- 
ers and more complex demands on con- 
sumers for identification during the en- 
try of transactions. So far competition 
among financial institutions has dis- 
couraged individual efforts to imple- 
ment the technical measures. The great- 
est current problem is the lack of a 
formal system for reporting and aggre- 
gating data on the frequency and scale 
of undesirable incidents. They will nev- 
er be eliminated, but they can be con- 
trolled: One can anticipate a continua- 
tion of the perpetual war between the 
locksmith and the thief, now raised to a 
higher technological level that denies 
“employment” to the less skilled among 
white-collar thieves. 


eApotner common concern is that the 
quality of life is being eroded by the 
depersonalization commonly associated 
with mechanization. Plainly the human 
touch is eliminated when one deals with 
a machine instead of a human being. 
Still, many of the examples of mechani- 
zation I have described are those where 
the human touch simply cannot be af- 
forded, so that the real choice is between 
mechanized service or less service. 
Overall, therefore, human values may 
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MECHANIZED WAREHOUSE IS CONTROLLED by two linked systems that are often in 
separate computers. One of them, the information-control system, calculates what might be 
termed a strategy for storage and retrieval. For example, it divides activity among the stackers, 
computes the shortest distance to empty cubicles and can select for removal the items that 
have been stored for the longest amount of time. In addition it continually updates its comput- 
erized record of what the warehouse holds. The other system is the hardware-control system. 
It governs the warehouse’s moving equipment: its command signals are transduced into elec- 
trical currents that drive the motors on conveyors and stackers. Sensors on the conveyors and 
stackers in turn send signals to the hardware-control system so that the system can continually 
update a record of where the moving equipment is. The transaction log and the backup au- 
dit trail are printouts of what the systems have done. Often the computer systems that con- 
trol a mechanized warehouse are linked electronically to a company’s central (host) computer. 
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be served better by accepting mechani- 


zation. In some situations, such as when 
services are needed by people who can- 
not speak the language of the country 
they are in, mechanized systems can be 
designed that are easier to deal with than 
a person who speaks only the native lan- 
guage. Furthermore, the younger gener- 
ation quite obviously is not intimidat- 
ed by the mechanized interface between 
consumers and electronic systems. The 
worst concerns probably arise for work- 
ers. Many mechanized systems (semiau- 
tomatic order-picking devices, for ex- 
ample) tend to isolate: individual work- 
ers and break up normal social patterns. 

More broadly, mechanized systems 
may actually result in overefficiency. 
Efficiency is almost always bought at a 
cost in flexibility and resilience. For ex- 
ample, the U.S. suffered from the Mid- 
dle East oil crisis because its distribu- 
tion system for petroleum was so effi- 
cient that inventories had been kept at a 
minimum. This offered little protection 
against an unanticipated interruption. 

Finally, there are the fundamental 
concerns about displacement of labor. 
Who is to be displaced and how is the 
displacement to be handled? When the 
transition to a mechanized system is 
slow (as in containerization) or is in a 
growing industry (such as air transpor- 
tation or banking), the direct impact is 
seldom severe; indeed, employment will 
often increase. When the industry is a 
mature one and the pace of change 
is rapid, the problem is not so easily 
solved. Efforts to retrain the displaced 
workers generally have a poor record 
even when the economy is growing rap- 
idly. Most of the workers will feel a jus- 
tifiable anguish at being severed from 
their accustomed livelihood. The least 
skilled workers will suffer dispropor- 
tionately and are the least able to fend 
for themselves. This is a broad social 
problem whose solution will require ed- 
ucational reform and a new emphasis on 
encouraging the early development by 
young people of skills that are needed in 
an increasingly mechanized world. In 
this regard it is worth noting that future 
mechanization will probably broaden 
the range of those affected. Levels of 
middle management have already been 
eliminated by some forms of mechani- 
zation, and the spread of artificial in- 
telligence may eventually affect even 
skilled professionals. 


So far the demand for new services 
‘has been almost open-ended. At some 


point a fundamental restructuring of 
business and social life will no doubt 
come; at present it appears to be more 
than a decade away. The restructuring 
will be hard on many people, particular- 
ly those whose training and skills limit 
the types of employment they can seek. 
The immediate challenge, and a hard 
one, is to manage the restructuring in a 
more humane way than was typical of 
the original Industrial Revolution. 
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The Mechanization of Office Work 


The office 1s the primary locus of information work, which 1s coming 


to dominate the U.S. economy. A shift ftom paperwork to electronics 


can improve productivity, service to customers and job satisfaction 


echanization was applied first 
M to the processing of tangible 
goods: crops in agriculture, 

raw materials in mining, industrial 
products in manufacturing. The kind of 
work that is benefiting most from new 
technology today, however, is above all 
the processing of an intangible com- 
modity: information. As machines 
based mainly on the digital computer 
and other microelectronic devices be- 
come less expensive and more powerful, 
they are being introduced for gathering, 
storing, manipulating and communicat- 
ing information. At the same time infor- 


mation-related activities are becoming ~™ 


ever more important in American socie- 
ty and the American economy; the ma- 
jority of workers are already engaged in 
such activities, and the proportion of 
them is increasing. The changes can be 
expected to profoundly alter the nature 
of the primary locus of information 
work: the office. 

An Office is‘a place where people read, 
think, write and communicate; where 
proposals are considered and plans are 
made; where money is collected and 
spent; where businesses and other orga- 
nizations are managed. The technology 
for doing all these things is changing 
with the accelerating introduction of 
new information-processing machines, 
programs for operating them and com- 
munications systems for interconnect- 


by Vincent E. Giuliano 


ing them. The transformation entails 
not only a shift from paper to electron- 
ics but also a fundamental change in the 
nature and organization of office work, 
in-uses of information and communica- 
tions and even in the meaning of the 
office as a particular place occupied dur- 
ing certain hours. 


ffice mechanization started in the 
second half of the 19th century. In 
1850 the quill pen had not yet been fully 
replaced by the steel nib, and taking pen 
to paper was still the main technology of 
office work. By 1900 a number of me- 


chanical devices had established a place — 


in the office, notably Morse’s telegraph, 
Bell’s telephone, Edison’s dictating ma- 
chine and the typewriter. 


In 1850 there were at most a few doz- 


en “writing machines” in existence, and 
each of them was a unique, handmade 
creation. Typewriters were among the 
high-technology items of the era; they 
could be made in large numbers and at 
a reasonable cost only with the adop- 
tion and further development of the 
techniques of precision manufacturing 
with interchangeable parts developed by 
Colt and Remington for the production 
of pistols and rifles during the Civil War. 
By the late 1890’s dozens of companies 
were. manufacturing typewriters of di- 
verse designs, with a variety of layouts 
for the keyboard and with ingenious me- 


ELECTRONIC DESKTOP. is emblematic of the shift‘from paper to electronics, the central 
element in the mechanization of office work. The desktop is displayed on the screen of the 
Xerox 8010 Star, a personal work station designed for business and professional workers. The 
Star by itself can serve as a small computer, a word processor and a generator of graphic mate- 
rial; when it is linked to other devices in a local-area network, the Star becomes an information 
system with access to an organization’s electronic files, printers and interoffice and long-dis- 
tance communications facilities. No special computer skills are needed to operate the work 
station. The screen shows a number of “icons” (right) representing familiar office objects, such 
as file drawers, file folders, individual documents, an “in” box and an “out” box. The worker 
sets up his own electronic desktop by manipulating the icons to store documents in folders and 
drawers, using a keyboard (not shown) and a “mouse” (bottom). The mouse is rolled about on 
the surface of the (nonelectronic) desk to control the position of a pointer on the screen. In the 
example shown a hypothetical sales manager named Adams has entered his name on the key- 
board. His own desktop has been displayed, with a symbol showing there is material waiting in 
his in box. He has moved the pointer to the in-box icon, pressed the “select” button on the top 
of the mouse and pressed a key marked “open” on the keyboard, thereby calling up on the 
screen a list (/eft) of the contents of his in box. Now he can select, read and deal with any of the 
listed items. For example, he might call up the monthly report, revise it and have it printed. 


chanical arrangements. (Some even had 
the type arrayed on a moving, cylin- 
drical element and thus were 70 years 
ahead of their time.) By 1900 more than 
100,000 typewriters had been sold and 
more than 20,000 new machines were 
being built each year. As precision in 
the casting, machining and assembly of 
metal parts improved and the cost of 
these processes was lowered, typewrit- 
ers became generally affordable in of- 
fices and homes. The evolution of type- 
writer usage was comparable to what is 
now taking place—in only about a dec- 
ade—in the usage of office computers 
and small personal computers. 

With the typewriter came an increase 
in the size of offices and in their number, 
in the number of people employed in 
them and in the variety of their jobs: 
There were also changes in the social 
structure of the office. For example, of- 
fice work had remained a male occupa- 
tion even after some women had been 
recruited into factories. (Consider the 
staffing of Scrooge’s office in Charles 
Dickens’ “‘A Christmas Carol.’’) Office 
mechanization was a force powerful 
enough to overcome a longstanding re- 
luctance to have women work in a male 
environment. Large numbers of wom- 
en were employed in offices as a di- 
rect result of the introduction of the 
typewriter [see “The Mechanization 
of Women’s Work,” by Joan Wallach 
Scott, page 136]. 

The first half of the 20th century saw 
a further refinement of existing office 
technologies and the introduction of a 
number of new ones. Among the devel- 
opments were the teletypewriter, auto- 
matic telephone switching, ticker tape, 
the electric typewriter, duplicating ma- 
chines and copiers, adding machines 
and calculators, tape recorders for dic- 
tation, offset printing presses small 
enough for office use and data-process- 
ing equipment operated with punched — 
paper cards. The new devices were ac- 
companied by a rapid expansion in the 
volume of office communications and in 
the number of people engaged in white- 
collar work. 

The first computers in offices were 
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crude and very expensive by today’s 
standards. By the mid-1960’s most large 
businesses had turned to computers 
to facilitate such routine “back office” 
tasks as storing payroll data and issuing 
checks, controlling inventory and moni- 
toring the payment of bills. With ad- 
vances in solid-state circuit components 
and then with microelectronics the com- 
puter became much smaller and cheap- 
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er. Remote terminals, consisting of e1- 
ther a teletypewriter or a keyboard and 
a video display, began to appear, gener- 
ally tapping the central processing and 
storage facilities of a mainframe com- 
puter. There was steady improvement in 
the cost-effectiveness of data-processing 
equipment. All of this was reflected in a 
remarkable expansion of the computer 
industry. The late 1960’s and the 1970’s 
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THREE STAGES OF OFFICE ORGANIZATION are defined by the author: preindustrial, 
industrial and information-age. Preindustrial organization dates back to the mid-19th century 
but is still typical of most professional, small-business and even corporate-management of- 
fices today. It is represented here by a hypothetical real-estate brokerage. There is little system- 
atic organization. Each person does his job more or less independently, moving about as neces- 
sary (gray lines) to retrieve a file, to take a client to see a property or to attend a meeting 
where the sale of a house is made final (color). Individuals can have different styles of work, 
and human relations are important. The preindustrial model of office organization can still 
be effective for some small operations. Conversion to information-age methods is fairly easy. 
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also saw the advent of inexpensive copi- 
ers, minicomputers, small and afford- 
able private automated branch exchang- 
es (electronic switchboards), the word 
processor (the typewriter’s successor) 
and then, toward the end of the 1970’s, 


the microcomputer. 
Fe anthropologist visiting an office to- 
day would see much that he would 
have seen 25 years ago. He would see 
people reading, writing on paper, han- 
dling mail, talking with one another face 
to face and on the telephone, typing, op- 
erating calculators, dictating, filing and | 
retrieving files from metal cabinets. He © 
would observe some new behavior too. 
He would see a surprising number of 
people working with devices that have a 
typewriterlike keyboard but also have 
a video screen or an automatic printing 
element. In 1955 the odds were over- 
whelming that someone working at an 
alphabetic keyboard device was female 
and either a typist or a key-punch oper- 
ator. No longer. The keyboard workers 
are both female and male and the type- 
writerlike devices now accomplish an 
astonishing variety of tasks. 

Some of the keyboard workers are in- 
deed secretaries preparing or correcting 
conventional correspondence on word 
processors. Other workers are at similar 
keyboards that serve as computer termi- 
nals. In one office they are managers 
checking the latest information on pro- 
duction performance, which is stored in 
a corporate data base in the company’s 
mainframe computer. Economists are 
doing econometric modeling, perhaps 
calling on programs and data in a com- 
mercial service bureau across the conti- 
nent. Librarians are working at termi- 
nals connected to a national network 
that merges the catalogues of thousands 
of participating libraries. Attorneys and 
law clerks are at terminals linked to a 
company whose files can be searched to 
retrieve the full text of court decisions 
made anywhere in the country. Airline 
personnel and travel. agents make res- 
ervations at terminals of a nationwide 
network. Some of the devices are self- 
contained personal computers that engi- 
neers and scientists, business executives 
and many other people depend on for 
computation, data analysis, scheduling 
and other tasks. a 

"Many of the users of terminals and 
‘small computers can communicate with 
one another and with their:-home offices 


- through one of the half-dozen “electron- 


ic mail” networks now in existence in 
the U.S. A surprising number of people 
are doing these things not only in the 
office but also at home, on the factory 
floor.and while traveling. This article 
was written with a portable personal 
computer at home, in a hotel in Puerto 
Rico and at a cottage in New Hamp- 
shire. I have drawn on information from 
personal files in my company’s main- 
frame computer and have also checked 
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files or to examine computer printouts. If clients make inqu 
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question but can seldom follow through to solve a problem. The work 


are dealt with by clerks who may be able in time to answer a spec 


Successive groups of clerks carry out incremental steps 


Documents are carried from the 


of the production line and eventually 


emerge at the other end; the flow is indicated by the colored arrows. 
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tment department of an insurance company. Tasks 


vored for operations handling a large number of transactions, as in 


INDUSTRIAL OFFICE, essentially a production line, has been fa- 
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parts of the text with colleagues by elec- 
tronic mail. 

What all of this adds up to is a shift 
from traditional ways of doing office 
work based mainly on paper to reliance 
on a variety of keyboard-and-display 
devices, or personal work stations. A 
work station may or may not have its 
own internal computer, but it is ulti- 
mately linked to a computer (or to sev- 
eral of them) and to data bases, commu- 
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nications systems and any of thousands 
of support services. Today the work sta- 
tions in widest service handle written 
and numerical information. In less than 
a decade machines will be generally 
available that also handle color graph- 
ics and store and transmit voice mes- 
sages, as the most advanced work sta- 
tions do today. 

My colleagues and I at Arthur D. Lit- 
tle, Inc., expect that by 1990 between 
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40 and 50 percent of all American work- 
ers will be making daily use of elec- 
tronic-terminal equipment. Some 38 
million terminal-based work stations of 
various kinds are by then likely to be 
installed in offices, factories and schools. 
There may be 34 million home termi- 
nals (although most of them may not 
function as full work stations). In ad- 
dition we expect there will be at least 
seven million portable terminals re- 
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FIELD OFFICE 


INFORMATION-AGE OFFICE exploits new technology to pre- 
serve the values of the preindustrial office while handling a large vol- 
ume of complex information. The drawing shows an information- 
age claims-adjustment department. Each adjuster mans a work sta- 
tion, which is linked (colored lines) to a computer that maintains and 
continuously updates all client records. Each adjuster can therefore 
operate as an account manager, handling all operations for a few cli- 
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ents rather than one repetitive operation for a large number of cli- 
ents. Necessary action can be taken immediately. Forms are updated 
and letters are written at the same work station that gives access to 
stored data, and the forms and letters can be printed automatically. 
The same facilities are available to adjusters visiting a client’s home 
or working in one of the company’s field offices (right). The work is 
more interesting, service to clients is improved and costs are reduced. 


sembling today’s hand-held calculators, 
most of them quite inexpensive. 

Until recently most work stations and 
their supporting devices and data-base 
resources were designed to serve a single 
purpose: to prepare text, access stock- 
market data or make air-travel reserva- 
tions, for example. The stockbroker’s 
terminal started out as a replacement 
for the ticker tape, the word processor as 
a replacement for the typewriter. The 
first terminals therefore served as com- 
plete work stations only for people who 
were engaged in a more or less repeti- 
tive task. 


N° the capabilities of the work sta- 
tion have been extended by devel- 
opments in the technology of informa- 
tion processing, in communications and 
in enhancements of the “software,” or 
programs, essential to the operation of 
any computer system. A variety of re- 
sources and functions have become ac- 
cessible from a single work station. The 
stockbroker can not only check current 
prices with his terminal but also retrieve 
from his company’s data base a cus- 
tomer’s portfolio and retrieve from a 
distant data base information on stock- 
price trends over many years. Millions 
of current and historical news items can 
also be called up on the screen. He can 
issue orders to buy or sell stock, send 
messages to other brokers and generate 
charts and tables, which can then be in- 
corporated into a newsletter addressed 
to customers. It is not only in large cor- 
porations that such tools are found. 
Low-cost personal computers and tele- 
communications-based services avail- 
able to individuals make it possible for 
them to enjoy a highly mechanized work 
environment; indeed, many profession- 
als and many office workers in small 
businesses have work-station resources 
superior to those in large corporations 
where the pace of office mechanization 
has been slow. 

By the year 2000 there will surely be 
new technology for information han- 
dling, some of which cannot now be 
foreseen. What can be predicted is that 
more capable machinery will be avail- 
able at lower cost. Already a personal 
computer the size of a briefcase has the 
power and information-storage capacity 
of a mainframe computer of 1955. Fora 
small computer an approximate mea- 
sure of performance is the “width” of 
the data path, that is, the number of bits, 
or binary digits, processed at a time. 
Computational speed can be represent- 
ed roughly by the frequency in mega- 
hertz of the electronic clock that syn- 
chronizes all operations in the central 
processor. Memory capacity is_ ex- 
pressed in bytes; a byte is a group of 
eight bits. The customary unit is the 
kilobyte, which is not 1,000 bytes but 
rather 219, or 1,024. Only three years 
ago a powerful personal computer had 
48 kilobytes of working memory and an 
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WHITE-COLLAR WORKERS now predominate in the U.S. economy. The curves show the 
percentage of the experienced labor force (from 1900 through 1950) and of all employed work- 
ers (from 1960 through 1980) that has been accounted for by workers in white-collar jobs 
(colored curve) and by blue-collar workers, service workers and farm workers (black curve). 
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COMPOSITION OF WHITE-COLLAR GROUP has changed over the years. In 1900 cler- 
ical workers were the smallest category; now they are the largest. Most white-collar work- 
ers are office workers, and so office productivity has become a matter of increasing concern. 


1920 


COMPUTER AND PERIPHERAL- 
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PERCENT CHANGE, 1972-80 


CHANGING NATURE OF OFFICE WORK is reflected in a shift of jobs within the clerical 
category. The bars show some of the changes from 1972 to 1980. Key-punch operators supply 
input for older computers. Telephone operators are being displaced by automatic switching. 
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eight-bit processor running at a rate of 
one megahertz. 

Today about the same amount of 
money buys a machine with 256 kilo- 
bytes of working memory and a 16-bit 
processor chip that runs at four mega- 
hertz or more. Storage capacity and 
processing power will continue to in- 
crease—and their costs will continue to 
decrease—geometrically. By the year 
2000 memory and processing power 
should be so cheap that they will no 
longer be limiting factors in the cost of 
information handling; they will be avail- 
able as needed anywhere in an organiza- 
tion. The next 20 years will also see the 
continuing extension of high-capacity 
communications, of networks for the 
exchange of information between work 
stations and other computers and of 
centralized data banks. Together these 
developments will provide access to in- 
formation, to processing capacity and 
to communications facilities no matter 
where the worker is or what time it 1s. 


NT technology inevitably affects the 
organization of work. One can de- 
fine three evolutionary stages of office 
organization, which I shall designate 
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preindustrial, industrial and informa- 
tion-age. Each stage is characterized not 
only by its technology but also by its 
style of management, personnel poli- 
cies, hierarchy of supervisory and man- 
agerial staff, standards of performance 
and human relations among office work- 
ers and between the workers and their 
clients or customers. 

The first two stages correspond to the 
well-understood artisan and industrial 
models of production; the nature of the 
third stage is only now becoming clear. 
The operation of a preindustrial office 
depends largely on the performance of 
individuals, without much benefit from 
either systematic work organization or 
machines. The industrial office orga- 
nizes people to serve the needs of a rig- 
id production system and its machines. 
The information-age office has the po- 
tential of combining systems and ma- 
chines to the benefit of both individual 
workers and their clients. 

Most small-business, professional, 
general-management and executive of- 
fices are still at the preindustrial stage. 
In a preindustrial office little conscious 
attention if any is paid to such things as 
a systematic flow of work, the efficien- 
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cy or productivity of work methods or 
modern information technologies. What 
information-handling devices are pres- 
ent (telephones, copiers and even word 
processors) may be central to the opera- 
tion, but there is no deliberate effort to 
get the maximum advantage from them. 
Good human relations often develop 
among the employees; loyalty, under- 
standing and mutual respect have ma- 
jor roles in holding the organization 
together. An employee is expected to 
learn his job, to do what is wanted and 
needed and to ask for help when it is 
necessary. Varied personal styles of 
work shape the style of the operation 
and contribute to its success. 
Preindustrial office organization gen- 
erally works well only as long as the 
Operation remains small in scale and 
fairly simple. It is inefficient for han- 
dling either a large volume of transac- 
tions or complex procedures requiring 
the coordination of a variety of data 
sources. If the work load increases in 
such an Office, or if business conditions 
get more complex, the typical response 
is to ask people to work harder and then 
to hire more employees. Such steps are 
likely to be of only temporary benefit, 
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LOCAL-AREA NETWORK makes it possible for a large number 
of work stations in an organization to communicate with one anoth- 
er and to exploit the same data-storage and peripheral equipment. 
The system shown is the Datapoint Corporation’s Arc (for “at- 
tached resource computer”) network, in which as many as 225 proc- 
essors (computers) can be linked by a system of coaxial cables (col- 
ored lines) and interfacing devices. Each processor in turn can be 
linked by wire (black lines) to a number of work stations, storage 
units or peripheral devices. Each processor has a “resource interface 
module” (RIM) by which it is connected to a cable leading to a “hub”; 
each input-output port (black dots) on a hub can be connected to a 
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RIM or to another hub. Each RIM has an identification number and 
attends to any transmission addressed to that number. Traffic is con- 
trolled by a “token passing” scheme. Each processor controls the net- 
work in turn, taking over to transmit a brief packet of digital signals 
when it receives a token-passing message from the processor just 
ahead of it in line. In the system diagrammed here the resources 
shared by all the devices in the network include magnetic-disk storage 
units, printers, a generator of color graphics and a modem: a modu- 
lator-demodulator that converts digital signals into acoustic signals 
for transmission over telephone lines. There are also “local” disk 
units for storing material that is needed only by a single processor. 


however. Without the help of additional 
systems or technology, effectiveness and 
morale may soon begin to break down. 


8 response to the limitations of 
preindustrial office organization 
has been to bring to bear in the office 
the principles of work simplification, 
specialization and _ time-and-motion 
efficiency articulated for factory work 
some 70 years ago by Frederick W. Tay- 
lor. The result is the industrial-stage of- 
fice, which is essentially a production 
line. Work (in the form of paper docu- 
ments or a folder of papers related to 
one customer) moves from desk to desk 
just as parts move from station to sta- 
tion along an assembly line. Each work- 
er gets a sheaf of papers in an “in” box; 
his job is to perform one or two incre- 
mental steps in their processing and then 
to pass the paper through an “out” box 
to the next person, who performs the 
next steps. Jobs are simple, repetitive 
and unsatisfying. A worker may do no 
more than staple or file or copy, or per- 
haps check and confirm or correct one 
element of data. And of course everyone 
has to work together during the same 
hours in the same office to sustain the 
flow of paper. 

The production-line approach has 
been considered particularly suitable 
for office activities in which the main job 
is handling a large volume of custom- 
er transactions, as in sending out bills 
or processing insurance claims. Many 
large production-line offices were insti- 
tuted in the early days of computeriza- 
tion, when information had to be gath- 
ered into large batches before it could be 
processed by the computer; input to the 
machine then took the form of punched 
cards and output consisted of large 
books of printouts. Because early com- 
puters could do only a few steps of a 
complex process, the industrial office 
had to shape people’s tasks to fit the 
needs of the machine. Computers and 
means of communicating with them 
have now been improved, but many 
large transaction-handling offices are 
still stuck at the industrial stage. 

The industrial model of office organi- 
zation is based on a deliberate endeavor 
to maximize efficiency and output. To 
create an assembly line the flow of work 
must be analyzed, discrete tasks must be 
isolated and work must be measured in 
some way. There is a need for standard- 
ization of jobs, transactions, technol- 
ogies and even personal interactions. 
A fragmentation of responsibility goes 
hand in hand with bureaucratic organi- 
zation and the proliferation of paper- 
work. Most of the workers have little 
sense of the overall task to which they 
are contributing their work, or of how 
the system functions as a whole. 

The industrial office has serious dis- 
advantages. Many errors tend to arise 
in a production-line process. Because 
of the subdivision of tasks efforts to cor- 
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AUTHOR’S PERSONAL NETWORK enables him to work not only in his physical office 
but in a “virtual” office, which is to say almost anywhere and at any time. His own work station 
can be a portable terminal or either of two personal computers (top) or a work station in his 
physical office. Communication among physically separated elements of the network is by 
way of the public telephone system, with digital signals being converted into acoustic signals 
by portable acoustic couplers or modems. The author can write and edit material on any of the 
terminals and send it to his office or to clients. He can call up on the screen of a terminal any 
material stored in memory units at the office or in a commercial data base to which his com- 
pany subscribes. He can also send and receive messages through two electronic-mail services. 
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rect errors must often be made without 
access to all pertinent information, with 
the result that the errors are sometimes 
not corrected but compounded. More- 
over, production-line operations can be 
surprisingly labor-intensive and costly. 
As more people are hired to cope with 
an error rate that increases faster than 
the volume of transactions, the cost 
per transaction increases and efficiency 
declines. 

Effective people do not want to stay in 
boring jobs; people who do stay often 
lack interest in their work, which be- 
comes apparent to the customer. Even if 
workers do their best, the system may 
defeat them, and customer service is 
likely to be poor. Because a given item 
can take weeks to flow through the pipe- 
line it is often difficult to answer custom- 
er inquiries about the current status of 
an account and even harder to take cor- 
rective action quickly. For example, a 
clerk may be able to check a sales slip 
and agree that a customer’s bill is incor- 
rect; in many instances, however, the 
clerk is able to change the account only 
by feeding a new input into the pro- 


COMPUTER TERMINALS have a conspicuous place in an office of 
the Prudential Insurance Company of America in Parsippany, N.J., 
where claims are processed. Personnel who have identified them- 
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duction line, with little assurance it will 
have the desired effect. As a result the 
billing error can be adjusted incorrectly 
or can be repeated for several months. 


c the mid-1970’s the recognition of 
these limitations, combined with the 
availability of new work-station in- 
formation systems, motivated a few 
progressive banks and other service or- 
ganizations with a heavy load of trans- 
actions to take the next step: they con- 
verted certain departments to a mode 
of operation more appropriate to the 
information age. The information-age 
office exploits new technology to pre- 
serve the best aspects of the earlier 
stages and avoid their failings. At its 
best it combines terminal-based work 
stations, a continuously updated data 
base and communications to attain high 
efficiency along with a return to people- 
centered work rather than machine- 
centered work. In the information-age 
office the machine is paced to the needs 
and abilities of the person who works 
with it. Instead of executing a small 
number of steps repetitively for a large 


number of accounts, one individual han- 
dles all customer-related activities for 
a much smaller number of accounts. 
Each worker has a terminal linked to a 
computer that maintains a data base of 
all customer-related records, which are 
updated as information is entered into 
the system. The worker becomes an ac- 
count manager, works directly with the 
customer and is fully accountable to 
the customer. 

Information is added incrementally to 
the master data base. The stored data 
are under the control of the worker, who 
can therefore be made responsible for 
correcting any errors that arise as well 
as for handling all transactions. Since 
information is updated as it becomes 
available there is no such thing as “work 
in process,” with its attendant uncertain- 
ties. An inquiry or a change in status can 
be handled immediately over the tele- 
phone: the sales slip can be inspected, 
the customer’s account can be adjusted 
and the bill that is about to be mailed 
can be corrected accordingly. 

The design of effective systems and 
the measurement of productivity are 





selves by entering a password at the keyboard of a terminal can re- 
trieve information on an insured person’s policy and claim, modify 
the information as necessary and add new information to the file. 


still important in the information-age 
office with a large volume of transac- 
tions, but the context is different from 
that of the industrial office. Productiv- 
ity is no longer measured by hours of 
work or number of items processed; it 
is judged by how well customers are 
served. Are they satisfied? Are they will- 
ing to bring their business back? Are 
they willing to pay a premium for a high 
level of service? 

To the extent that the answers are yes 
the company gains an important com- 
petitive advantage. Even if cost cutting 
is not the only objective, the company 
can expect dramatic savings in person- 
nel costs. Staff reductions of as much as 
50 percent have been common in de- 
partments making the changeover to a 
work-station system. Those employees 
who remain benefit from a marked im- 
provement in the quality of their work- 
ing life. 

The benefits of the information-age 
office are not limited to the transaction- 
intensive office. A similar transforma- 
tion can enhance productivity, effec- 
tiveness and job satisfaction in offices 
concerned with management, general 
administration and research. Most such 
offices are still in the preindustrial stage. 
They can be transformed to the infor- 
mation-age stage by the introduction 
of such person-centered technologies 
as the work station and electronic mail. 


(ye most of the activities of a job are 
centered on the work station the 
nature of the office can be transformed 
in still another way: there is no longer 
any need to assemble all workers at the 
same place and time. Portable terminals 
and computers, equipped with appropri- 
ate software and facilities for communi- 
cation (including the telephone), create 
a “virtual” office, which is essentially 
anywhere the worker happens to be: at 
home, visiting a client or customer, in a 
hotel or even in an airplane. The remote 
work station can communicate electron- 
ically with the central office and so it 
extends the range of places where writ- 
ten and numerical material can be gen- 
erated, stored, retrieved, manipulated or 
communicated. 

The effects of small-computer tech- 
nology on the locale of work are analo- 
gous to those of the telephone. Because 
of the almost universal distribution of 
telephones it is not necessary to go to the 
office to call a customer of a co-worker, 
but until now it has been necessary to go 
there to write or dictate a letter, to read 
mail or to find something in a file. Now 
the work stations and ancillary electron- 
ic devices of an automated office can be 
linked to external terminals and person- 
al computers. The job is no longer tied 
to the flow of paper across a designated 
desk; it is tied to the worker himself. The 
individual can therefore organize his 
own time and decide where and when he 
wants to do his work. Individuals who 





PORTABLE TERMINAL is used by Malcolm Moran, a sports reporter for The New York 
Times, to cover a game at Shea Stadium between the New York Mets and the Montreal Ex- 
pos. The terminal, a Portabubble 81 made by the Teleram Communications Corporation, is 
carried on out-of-town assignments by most 7Jimes reporters. Its magnetic-bubble memory 
holds between 9,000 and 20,000 words. The reporter can keep notes in the terminal’s memory 
and write part of a story and store it for later transmission; he can have background material 
transmitted to him from the 7imes. Ordinarily the sports reporter writes his article at the end 
of the game and then transmits it to the computers at the Zimes. Sending and receiving is by 
means of an acoustic coupler. To file his story the reporter dials a telephone number and gets a 
go-ahead signal. Then he puts the telephone handset on the coupler and presses a button; the 
coupler converts the terminal’s digital signals into acoustic signals and the story is transmitted 
at a rate of 300 words per minute. From the Times computers the article can be called up on ter- 
minals in the newsroom for editing and sent to the composing room for electronic typesetting. 


work best early in the morning or late at 
night can do so. A project team I have 
been working with for about a year 
has members in several East Coast and 
West Coast cities and rural areas, and 
we communicate regularly by electronic 
mail. The cost of the correspondence is 
about a tenth of the cost of regular mail 
per item, and it turns out that about half 
of the messages are generated outside 
of offices and outside of conventional 
working hours. 

What will happen to the physical of- 
fice? It has its virtues, after all. The office 
provides a home for organizations, a 
place for people to come together face 
to face and a work-oriented environ- 
ment away from home. Many people 
need the structure of an office schedule; 
they like (or at least they are accus- 
tomed to) compartmentalization of the 
day and the week into time for work and 
time for other activities. Another role 
for the office is to house centralized 
forms of communications technology, 
such as facilities for video conferences, 
that are too expensive for the home. For 
these reasons and others I think the 
physical office will remain a part of 
working life, at least for as long as I 
am working. There will be continuing 
change, however, in how often some 
workers go to the office and in why they 
go there. 

Many powerful factors are operating 


together to propel the transformation 
of office work. A complex set of feed- 
back loops links economic and social 
change, new developments in informa- 
tion technology, the widespread adop- 
tion of the technology and the introduc- 
tion of the new office organization the 
technology makes possible. The large 
number of information workers, for ex- 
ample, stimulates interest in enhancing 
their productivity. The concern for pro- 
ductivity serves to increase demand for 
technologies that can reduce the cost 
of handling information. Thus several 
trends reinforce one another to gener- 
ate an ever stronger market for infor- 
mation products and services. The infil- 
tration of the new devices into the work- 
place in turn creates an environment in 
which working electronically is the nor- 
mal expectation of the worker. 


| Sh earanse is a major factor. It is be- 

coming far cheaper to communicate 
electronically than it is to communicate 
on paper. The transition to word proc- 
essing from multidraft secretarial typ- 
ing can reduce secretarial costs from 
more than $7 per letter to less than 
$2. Even more dramatic savings are as- 
sociated with electronic mail, which 
can bring the cost of sending a message 
down to 30 cents or less. Electronic fil- 
ing, in which a “document” is stored and 
indexed in a computer memory, brings 
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further savings. (The highest-cost activi- 
ties in manual correspondence are mak- 
ing multiple copies, filing them and re- 
trieving them.) Such obvious reductions 
in cost are overshadowed by the savings 
in the time of managers and executives, 
the largest element by far in the cost of 
running an office. 

The savings are becoming more sig- 
nificant each year as the cost of the elec- 
tronic technology is reduced. For ex- 
ample, fast semiconductor memory is a 
tenth as expensive now as it was in 1975; 
the cost will drop by another factor of 
10 by 1995. The result has been to bring 
into the individual consumer’s price 
range information-handling capabilities 
that only a few years ago called for very 
expensive equipment. 

As the market for mechanized work 
stations expands, more money is invest- 
ed in research and development for 
communications, electronics, software, 
office-mechanization systems and the 
like. The time span between the devel- 
opment, introduction and obsolescence 





of a product becomes shorter. Each year 
brings a new generation of semiconduc- 
tor devices; each generation makes pos- 
sible a new set of applications. The dra- 
matic improvement in products in turn 
builds demand for them and strengthens 
the trend toward office mechanization. 


Ws a company’s business is in 
farming, mining, manufacturing, 
transportation or retailing, its manage- 
ment, marketing, distribution and other 
operating controls are basically office- 
centered, information-handling activi- 
ties. As the number of blue-collar work- 
ers decreases, the proportion of white- 
collar workers even in manufacturing 
organizations continues to increase. In 
virtually all commercial enterprises one 
finds executives, managers, clerks and 
secretaries; in most organizations there 
are also more specialized information 
workers, such as engineers and scien- 
tists, attorneys, salesmen, librarians, 
computer programmers and word proc- 
essors. These people constitute the hu- 


MAILMOBILE, a driverless battery-powered delivery vehicle made by Bell & Howell, mech- 
anizes intraoffice deliveries. Here it is negotiating a curve as it makes its way through the re- 
search department of Merrill Lynch and Company. The vehicle follows a chemical pathway, 
which is easily applied and modified to trace any route from the mail room through the office 
and back to the mail room. An emitter of ultraviolet radiation under the vehicle makes the 
chemical fluoresce; an optical sensor detects the fluorescent path. The Mailmobile moves at 
about one and a half feet per second (one mile per hour), beeping and flashing blue headlights. 
It stops at pickup and delivery sites designated by a coded pattern in the chemical pathway. 
Bumpers stop the vehicle on contact with a person or another obstacle. An “intelligent” version 
is being introduced that can be directed to choose among alternate paths or to board an elevator. 
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man-capital resources that can make an 
information-intensive economy viable. 

Yet a tendency to think of white-col- 
lar workers in offices as support person- 
nel, outside the economic mainstream, 
has tended to inhibit the transformation 
of office work. Physical activities that 
produce food, minerals and manufac- 
tured goods have been regarded as the 
only truly productive ones, whereas 
the handling of information has been 
considered necessary but essentially 
nonproductive. This way of looking at 
things (which may have been appropri- 
ate in an industrial society) persists to- 
day, even in the minds of economists 
who call for the “reindustrialization of 
America.” It deeply affects the thinking 
of corporate management. 

Even though most work in American 
society is information work and most 
such work is done in offices, the benefits 
of an increase in the productivity of of- 
fice workers are not always within the 
field of view of managers. For those who 
retain a preindustrial view of office or- 
ganization the very concept of produc- 
tivity seems irrelevant or inappropriate 
in the context of offices or information 
work. Those who have an industrial- 
office orientation tend to focus on la- 
borsaving measurements; the installa- 
tion of new technology and a system 
for exploiting it is evaluated only in the 
context of cutting visible office costs. 

It is in offices that the basic decisions 
are made that determine the cost-effec- 
tiveness of an entire organization. The 
office is the place where the timeliness of 
a decision or of a response can have im- 
mense consequences. If the office is inef- 
fective, the organization must be inef- 
fective. As it happens, moreover, a high 
degree of mechanization of the kind de- 
scribed in this article is much less expen- 
sive in the office than analogous mecha- 
nization is in the factory or on the farm. 


he mechanization of office work is 

an essential element of the transfor- 
mation of American society to one in 
which information work is the chief eco- 
nomic activity. If new information tech- 
nology is properly employed, it can 
enable organizations to attain the fol- 
lowing objectives: a reduction of infor- 
mation “float,” that is, a decrease in the 
delay and uncertainty occasioned by the 
inaccessibility of information that is be- 
ing typed, is in the mail, has been mis- 
filed or is simply in an office that is 
closed for the weekend; the elimination 
of redundant work and unnecessary 
tasks such as retyping and laborious 
manual filing and retrieval; better utili- 
zation of human resources for tasks that 
require judgment, initiative and rapid 
communication; faster, better decision 
making that takes into account multiple, 
complex factors, and full exploitation of 
the virtual office through expansion of 
the workplace in space and time. 
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Fernao Mendez Pinto 
_ (21509-1583). After 20 years 
| sailing the Indian Ocean and 
the seas further east as a 
slave, pirate and sometime 
ambassador, Pinto met 
Saint Xavier in Malacca 
in 1558 and was to travel 
with him to Japan. The tale 
of his wanderings, 
«Peregrinacao», was 
translated into almost all . 
. European languages. 
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ee. Tasman 


~~" (1603-1659). It was in 
J 1642 that Van Diemen, the 

Dutch Governor-General of 
Batavia, sent Tasman to explore 
the southern seas. The discoveries of 
New Zealand, the Friendly Islands, the 
> Fy Archipelago and the Gulf of i (S 
Carpentaria followed that of an island Say’ 
he called Van Diemen’s Land. It was renamed Tasmania 

—“ two centuries later. 
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he Mechanization of Women’s Work 


When it began two centuries ago, it was characterized by low 


pay and occupational segregation. The same holds true today, 


although women are entering the labor force in larger numbers 


t is frequently assumed that the 
| mechanization of work has a revo- 
lutionary effect on the lives of the 
people who operate the new machines 
and on the society into which the ma- 
chines have been introduced. For exam- 
ple, it has been suggested that the em- 
ployment of women in industry took 
them out of the household, their tradi- 
tional sphere, and fundamentally al- 
tered their position in society. Both ad- 
vocates and critics of mechanization 
have shared the assumption. As women 
began to enter factories in increasing 
numbers in the 19th century Jules Si- 
mon, a French politician, warned that “‘a 
woman who becomes a worker is no 
longer a woman.” Friedrich Engels, on 
the other hand, thought women would 
be liberated from the “social, legal and 
economic subordination” of the fam- 
ily by technological developments that 
made possible the recruitment of “the 
whole female sex...into public indus- 
try.” Thus two observers could have dia- 
metrically opposed views on the value 
of mechanization for women without ei- 
ther one doubting that mechanization 
would transform women’s lives. 

Simon and Engels and many others 
imputed such transforming power to 
technology partly because they thought 
the capacity of mechanization to alter 
human relations was inherent in the ma- 


by Joan Wallach Scott 


chines themselves and hence capable of 
powerfully affecting the social context 
in which the machinery was utilized. 
This hypothesis has now been serious- 
ly questioned by historians, particularly 
those investigating the history of wom- 
en. Scholars who have examined the ex- 
perience of women in industrial society 
have concluded that such innovations as 
the spinning jenny, the sewing machine, 
the typewriter, the telephone, the vacu- 
um cleaner and the computer have not 
fundamentally changed the economic 
position of women or the prevailing 
evaluation of women’s work. Dramatic 
technological changes did not result in 
equally dramatic social changes. For ex- 
ample, the employment of young wom- 
en in early textile mills was often an 
extension of an older pattern of em- 
ployment of young single women. The 
employment of women in offices was 
the result of the separation of secretar- 
ial work from administrative work and 
the consequent creation of a class of 
jobs with little opportunity for advance- 
ment; the new jobs were often thought 
to constitute “women’s work.” The in- 
creased employment of married women 
in the 20th century, which was a sub- 
stantial social change, had less to do 
with mechanization than it did with oth- 
er economic and demographic trends. 
It is undeniable that some aspects of 


SPINNING YARN, traditionally done by women at home, moved into factories as the result 
of the mechanization of the textile industry. The photograph on the opposite page shows the 
spinning room of Pacific Mills in Lawrence, Mass., in 1915. Spinning is the drawing out and 
twisting of cotton fibers to form yarn. It was originally done by hand with the distaff and the 
spindle. The first mechanical advance was the invention of the spinning wheel in the Middle 
Ages. Before the establishment of textile mills most spinning was done at home with spinning 
wheels. The development of power looms made it impossible for women to supply enough yarn 
by this means. To increase the supply several innovations were combined in the late 18th cen- 
tury in England to yield large water- or steam-driven spinning machines. The ring-spinning 
machines shown in the photograph were the commonest type of spinning frame in the U.S. in 
the early 20th century. All the machines in the spinning room were driven by a single electric 
motor; power was transmitted to the machines by the belts extending from the ceiling. The up- 
right bobbins at the top of the machine held the crude ropelike material called roving. The 
strand of roving was drawn down between two leather-covered cylinders and through a loop 
of wire called the traveler. The traveler moved on a ring circling the yarn bobbin. The yarn 
bobbins are at waist level; each machine had about 300. The traveler revolved about the bob- 
bin some 10,000 times per minute, stretching and twisting the yarn as the ring moved up and 
down distributing the yarn evenly. In the early mills most of the women who operated spinning 
and weaving machines came from farm or artisan families. Such women had customarily 
worked before marriage; the opening of the mills merely changed their place of employment. 


women’s work have changed consider- 
ably in the past 200 years. Work has 
moved from the household to the office 
or factory; in many cases it has become 
white-collar work rather than blue-col- 
lar work. In certain essential respects, 
however, the work that women do has 
changed little since before the Industrial 
Revolution. Occupations are still fre- 
quently segregated according to sex. 
Women as a group are paid less than 
men. Their work in many cases calls for 
a relatively low level of skill and offers 
little opportunity for advancement. For 
women with families household labor 
remains demanding, even if they can af- 
ford household appliances their grand- 
mothers would have found miraculous. 
A decade of historical investigation has 
led to a major revision of the notion that 
technology is inherently revolutionary, 
at least as the notion applies to women. 
The available evidence suggests that on 
the contrary mechanization has served 
to reinforce the traditional position of 
women both in the labor market and in 
the home. 


Mi cchanization has, of course, had a 
revolutionary effect on the proc- 
esses by which goods are made and the 
organization of the workers who make 
them. Steam-driven spinning and weav- 
ing machines introduced in the 19th cen- 
tury could make in minutes as much 
thread or cloth as hundreds of individu- 
al artisans had been able to make in days 
or weeks. The new machines simpli- 
fied the tasks required to make finished 
goods, divided the work into small, re- 
peated operations and brought together 
under one roof large numbers of people 
doing similar work. 

Many of those who went to work in 
the new mills in Europe and the U.S. 
were young women who had left farms 
and spinning wheels to take jobs as ma- 
chine operatives. The contrast between 
the experience of the farm girl and that 
of the mill worker was dramatic, and it 
could be overwhelming. The contrast is 
evident in a thinly fictionalized account 
written by a woman who had been a new 
arrival at a textile mill in Lowell, Mass., 
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in the 1830’s: “At first the sight of so 
many bands, and wheels, and springs in 
constant motion was very frightful. She 
felt afraid to touch the loom, and she 
was almost sure that she could never 
learn to weave.... The shuttle flew out 
and made a new bump upon her head; 
and the first time she tried to spring the 
lathe, she broke out a quarter of the 
threads.” 

Industries other than textiles also be- 
gan to draw workers from the pool of 
young single women, including the man- 
ufacturers of paper, buttons, shoes and 
watches. Later in the century the makers 
of electric wire and light bulbs recruited 





labor from the same source. Images of 
the factories where such goods were 
made capture the novelty of the work- 
ers’ experience. In engravings and pho- 
tographs rows of young women stand at 
attention before their machines. The de- 
piction of many employees with iden- 
tical posture, dresses and hair styles 
conveys the scale of the enterprise. 
The images give female labor a uni- 
form and impersonal quality that was 
then strange. The comparison implied 
in such images is with the more inti1- 
mate surroundings of the household. 
Those who argue that the new tech- 
niques of manufacturing had a revolu- 


tionary impact on women assume that 
factory work drew women permanently 
from their traditional place in the home. 
Implicit in the argument is the notion 
that women did not work for wages or 
engage in other productive activities be- 
fore the Industrial Revolution. The op- 
portunity to earn wages, it is thought, 
gave women entry into the world of 
men, where they found independence 
and social recognition. In reality wom- 
en’s work in the early factories was con- 
ceived by employers (and to some extent 
by the women themselves) in traditional 
terms. The most important of these was 
that wage work was a secondary occu- 


TELEPHONE EXCHANGE was a place of employment for increas- 
ing numbers of young women in the early part of the 20th century, as 
is indicated by this photograph of the central exchange of Kansas 
City, Mo., in 1904. The switchboard shown is of the type called a mul- 
tiple switchboard. Introduced in 1897, it incorporated numerous ad- 
vances over its predecessors. The first switchboards were cumber- 
some: the signaling operations (such as the customer’s indicating to 
the operator that he wanted to make a call) were handled by equip- 
ment separate from that utilized for calling. All the circuits were in- 
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corporated in a single board. Much of the subsequent improvement 
resulted from the invention of the switchboard jack, a small socket 
that carried current for both signaling and calling. The call was put 
through by connecting two jacks with a short cord that had a plug at 
each end. A version of the jack was patented in 1879. By 1897 the 
jack had been made small enough so that 10,000 lines could be put 
within the reach of one operator. A further advance was to separate 
the jacks of callers (“answering jacks”) from those of the people to be 
called (“connecting jacks”). Each operator had in front of her on three 


pation and that a woman’s real work 
was raising children and running the 
household. The traditional conception 
was demonstrated in the employers’ 
preference for hiring women who were 
young and unmarried: most machine 
operatives were between the ages of 16 
and 25. 


hat factory work was an extension 

of previous experience is further 
demonstrated by the fact that the opera- 
tives came largely from artisan and ag- 
ricultural families; such families had 
for generations expected their daugh- 
ters to work at home, in a cottage indus- 


try or in domestic service until they 
married. In both Europe and the U.S. 
there was substantial variation among 
regions and social groups in the frac- 
tion of young single women who earned 
wages. In spite of the variation the fact 
remains that in Europe and the U.S. 
many young women worked outside 
the home. When the mills opened, they 
offered better pay and more jobs than 
had previously been available to young 
women, who merely shifted their em- 
ployment to a new place. 
Furthermore, a job in the mill did not 
alter the anticipated course of a wom- 
an’s life by substituting paid employ- 


ment for marriage and the care of chil- 
dren. Mill work simply provided young 
women with a new kind of job at a 
time of life when they would ordinari- 
ly expect to be employed. Most opera- 
tives took jobs for immediate financial 
gain and not in the hope of a career. 
Once a woman was married, unless her 
family desperately needed her wages 
there was little reason for her to spend 
her adult life as a mill worker. The pos- 
sibility of promotion and higher pay was 
remote. The majority of women there- 
fore left the mill when they married or 
when they later had children. 

The work force in the mill therefore 





vertical panels connecting jacks for every subscriber in the system. 
On a horizontal shelf she had answering jacks for only a fraction of 
the subscribers. To place a call the customer lifted the receiver, acti- 
vating a circuit that lighted a lamp above the answering jack. The op- 
erator inserted one plug in the answering jack; the lamp went out and 
power for voice transmission was supplied from a battery in the tele- 
phone-company building. The operator pressed a key, thereby con- 
necting her headset to the circuit, and asked for the number to be 
called. If the desired line was free, she put the other plug into the 


connecting jack and pressed a key that rang the telephone bell of the 
person being called. Lights on the switchboard indicated when the 
call was answered and when either person hung up. The first com- 
mercial telephone exchange was established in New Haven, Conn., 
in 1878 with 21 subscribers. In the earliest exchanges the operators 
were young men, but women replaced them in the 1880’s. Work as a 
telephone operator was clean and respectable and therefore thought 
to be suitable for the young single middle-class women who were 
beginning to work in substantial numbers in the late 19th century. 
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consisted largely of single women, with 
a minority of poor married women and 
widows. The turnover in the work force 
was high, but employers did not object 
because the turnover did not hamper 
production. Women learned their tasks 
quickly, and they accepted the condi- 
tions in the factory, in part because they 
did not expect to stay there. From the 
point of view of the mill owner whatever 
drawbacks there may have been in a 
constantly changing female labor force 
were Outweighed by one great benefit: 
such a labor force was cheap. 

One keen observer of the process of 
industrialization in England was a Scot- 
tish professor, Andrew Ure. Like many 
of his contemporaries he was fascinated 
by the emerging industrial processes; he 
traveled through England recording his 
observations of factories. In 1835 he 
noted: “It is in fact the constant aim and 
tendency of every improvement in ma- 
chinery to supersede human labour alto- 
gether or to diminish its cost, by substi- 


tuting the industry of women and chil- 
dren for that of men.... In most of the 
water-twist or throstle cotton-mills [a 
throstle was a large spinning frame driv- 
en by water power], the spinning is en- 
tirely managed by females of 16 years 
and upwards. The effect of substituting 
the self-acting mule for the common 
mule is to discharge the greater part of 
men spinners and to retain adolescents 
and children. The proprietor of a facto- 
ry near Stockport states that by such 
substitution, he would save £50 a week 
in wages, in consequence of dispensing 
with nearly forty male spinners at about 
25s of wages each.”’ 


i Bie observation reflects the long- 
standing belief that women did not 
merit or require wages as high as those 
of men. Because of exclusion from 
trades practiced by men, a lack of train- 
ing and the assumption that women’s 
wages would supplement the family in- 
come rather than provide it, the prevail- 


ing evaluation of women’s work was 
that it was worth less than that of men. 

Not only were women in the mill paid 
less than men for the same work; cultur- 
al attitudes about women’s capacities 
also led to the designation of many jobs 
as being suitable primarily for women. 
Employers hired women as mill opera- 
tives, they said, because their small, 
graceful fingers could piece the threads 
together easily. In addition the female 
temperament—passive, patient and 
careful—was thought to be perfectly 
suited to boring, repetitive work. Men 
were employed in the mills as supervi- 
sors, mechanics and occasionally as op- 
eratives in such tasks as carding, which 
required considerable strength. Women 
tended spinning, winding, warping and 
weaving machines. The specific jobs 
done by men and women varied from 
mill to mill, but the separation of male 
and female work was almost universal; 
in most mills many rooms were staffed 
entirely by women. Thus the pattern of 





CLERICAL WORK was transformed between 1880 and 1910, in 
part by the introduction of the typewriter. This photograph depicts 
part of the Audit and Policy Division of the Metropolitan Life Insur- 
ance Company in about 1910. It reveals one of the results of the trans- 
formation: women had replaced men as clerical workers. In the Audit 
and Policy Division the reports of field agents were audited and in- 
surance policies were ,written. In 1910 the division had more than 
500 women clerks who worked at the typewriter, which had become 
a practical instrument of office work. The first workable typewriter 
was made in 1867 by Christopher Latham Sholes. Sholes’s machine 
was put on the market in 1873 by E. Remington & Sons, the gun- 
smiths, as the Remington No. 1. It had many of the features of the 
modern manual typewriter, including a cylinder with line-spacing 
and carriage-return mechanisms, an escapement for the spacing of 
letters, and type bars that struck at a common point on the cylinder. 
The keys were in an arrangement much like that of the modern ma- 
chine. Two further advances were required to yield the typewriter of 
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1910. One was the shift key, which made it possible to type both cap- 
ital and lowercase letters on a single keyboard. (The Remington No. 
1 could type only capital letters; some contemporaneous designs had 
a second keyboard for the lowercase letters.) The other advance was 
the placement of the paper so that the work could be read while it 
was being done. (In most of the early machines the type bars had 
struck at a point on the underside of the cylinder and the carriage 
had to be lifted for the work to be read.) In 1910 women were rel- 
atively new participants in clerical work. Earlier, young men had 
done such work in preparation for administrative positions. The 
growing volume of paperwork in the 1880’s and 1890’s resulted in 
the creation of large numbers of secretarial jobs with little oppor- 
tunity for advancement. Because the new jobs did not offer the pos- 
sibility of a career they were thought by employers to be suitable for 
women. The segregation of women in such work is indicated by the 
fact that in 1908 the Audit and Policy Division had 287 bookkeepers, 
all of whom were men, and 752 clerks, all of whom were women. 
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Lockheed knows 


Advances in research tend to make headlines, but break- 
throughs in manufacturing can be as important. The scene 
above depicts a manufacturing breakthrough that can result 
in easily fabricated buildings in space. That ingenious 
advance and others more Earthbound are reported below. 


Making building blocks for space. 

Someday, astronauts will build a structure in space, and 
they may well use a new Lockheed manufacturing process. 

Light and very strong, composites—fibers of graphite 
embedded in epoxy—are gaining increasing use in aircraft 
and spacecraft. But making composites usually involves 
costly “cooking” in a huge oven called an autoclave. 
However, Lockheed now eliminates that process. It winds 
graphite fibers around a tube that tapers from 4 to 2 inches 
over its 8-foot length. Then the tube is heated—this avoids 


autoclaving—and epoxy is injected around the fibers. Result: 


an 8-foot structure weighing about 1/2 pounds, ¥%3 the weight 
of an aluminum structure of equal strength. 

These tapered structures can be packaged inside one 
another like paper cups to save precious space when 
transported in the Space Shuttle. A special automated 
assembly machine designed by Lockheed under contract to 
the NASA Langley Research Center will enable astronauts to 
assemble them in space without tools. 

Aspiration? Far from it. Lockheed has tested, proven and 
manufactured dozens of these remarkable structures. 


Adding a work force by wire. 

To increase productivity —virtually a nationwide goal— 
you simply make more efficient use of existing staffs and 
facilities. So logical, yet so difficult. However, Lockheed 


has invented a remarkable new computerized system that 
does just that. 

It begins with another unique Lockheed System— 
CADAM. The computer-based CADAM basically gives 
engineers a three-dimensional drawing board as big as 48 
football fields on which to design parts. CADAM’s comput 
then electronically transmits the design to the plant’s man 
facturing experts. 

Now Lockheed has linked CADAM computers at divisio 
across the country by a telecommunications network— 
COMCAM. 

If one plant is overloaded, it calls on COMCAM and 
transmits a CADAM design to another division that can 
free staff and tools to make the part. This eliminates the 
cumbersome task of physically moving actual drawings, 
specifications and tapes from plant to plant. Changes in th 
design can be made at one plant and instantly transmitted 
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out using any tools, thanks toa Lockheed process described below. 


ronauts could assemble buildings in spac 


other. Put simply, COMCAM makes better use of people, 
achines and time—increased productivity. 


ling up the best brains in manufacturing. 


The CADAM system, which was invented at Lockheed, 
ables engineers to design aircraft parts on a Computer 
‘minal with greater precision and imagination than 


To help its manufacturing experts translate those designs 
‘0 actual airframes, Lockheed has given them an even 

ore remarkable computer-based system—GENPLAN. 
Exclusive to Lockheed, GENPLAN actually makes 
‘cisions such as which tools and manufacturing processes 
ould be used. It determines the best manufacturing 
quence. It considers factors such as labor standards and 
story rules. Within GENPLAN’s huge data base, Lockheed 


s captured the accumulated knowledge of thousands of 





manufacturing experts. Moreover, Lockheed divisions 
thousands of miles apart can share this knowledge. 

Working at a computer terminal, the manufacturing 
planner can create, review and edit the manufacturing plan. 
The time savings of GENPLAN are immense. Plans that 

took hours now are made in minutes. The steps required 
to release the plan to the assembly line have been reduced 
by 75%. Another key benefit flows from GENPLAN. The 
increase in precision and reliability of manufactured parts 
is as dramatic as the time savings. 


Robots roll up their sleeves. 
The extended “arm” that you 
see in motion is a robot being 
“trained” to place rivets with 
great speed and precision. Once 
programmed—and programming 
is critical in the effective use of a 
robot—it may cut riveting costs 
50%. Other robots are at work at 
Lockheed, including machines that 
handle onerous painting duties and 
that can “see” and choose among 
different parts. 


For more information about Lockheed, write for the 1981 
Annual Report Highlights to A.F. Melrose, Lockheed 
Corporation, P.O. Box 551, Burbank, CA 91520. 
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separate realms of work for men and 
women remained undisturbed. (The no- 
tion of separate spheres of work for men 
and women is so deeply entrenched in 
cultural images that the division is pre- 
sumed to extend to the first workplace, 
where “Adam delved and Eve span.’’) 


Wee for women lower than those 
of men and the segregation of jobs 
according to sex were often the result of 
mechanization in the 19th century and 
the early 20th. Machinery that extend- 
ed the division of labor, simplified and 
routinized tasks and called for unskilled 
workers rather than skilled craftsmen 
was usually associated with the employ- 
ment of women. From the point of view 
of the skilled workers displaced by ma- 
chinery feminization meant the devalu- 
ation of their work. 

The increase in female white-collar 
office work at the end of the 19th centu- 
ry was a new variation on the theme. 
The telephone and the typewriter have 
come to symbolize the reorganization of 
clerical work at that time. These innova- 
tions, however, were only a small part of 
the reorganization. Increases in the ur- 
ban population and manufacturing and 
the consequent expansion of commerce 
called for enormous amounts of paper- 
work. Earlier in the 19th century young 
men had done clerical work as part of a 
general apprenticeship in business; such 
apprenticeships were often preparation 
for partnership or inheritance of the 
enterprise. As the volume of paperwork 
increased, however, clerical work was 
separated from administrative work 
and from advancement in the executive 
hierarchy. 

In the early phase of the development 
of the modern office, copy work was giv- 
en out to women to be done at home. In 
the U.S. such workers were usually mar- 
ried women or widows with children 
who supplemented the household in- 
come by copying; they were paid by the 
word. The literacy of the copy workers 
indicates that they were educated wom- 
en and therefore probably from artisan 
or even middle-class families. 

The first phase of modern office work 
did not last long. The first practical type- 
writer, invented in 1867, was introduced 
into commercial use in the 1870’s and 
quickly became standard office equip- 
ment. Typing, stenography and filing be- 
came components of a full-time job 
done in the office. As the role of sec- 
retary was created ambitious young 
men moved into sales, advertising and 
administrative positions. Women were 
hired in the new white-collar service 
jobs. The shift took only a few decades. 
In the U.S. census of 1880 only a few 
women were listed as office clerical 
workers. By 1910, 83 percent of all ste- 
nographers and typists were women; the 
proportion was similar in France and 
England. The feminization of clerical 
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TIME SPENT IN HOUSEWORK each week by women not employed outside the home 
changed little between 1926 and 1966. Gray bars are for rural women, colored bars are for 
urban women. The data are from various comparable surveys. The period was one in which 
the urban population grew and the ownership of household appliances became widespread. It 
has been argued that such appliances freed women to do other kinds of work. By the late 1960's, 
however, women not employed outside the home still spent more than 50 hours per week in 
housework. Women who were employed also spent a substantial amount of time in housework: 
26 hours per week. It appears that rather than being freed for other kinds of work by house- 
hold appliances many women went to work largely in order to be able to buy such appliances. 


work has continued: in 1980, 97 percent 
of typists in the U.S. were women, as 
were 89 percent of stenographers. 
Hence like the spinning and weaving 
rooms of the textile mill the outer office 
quickly became a feminine space. Office 
work, however, had qualities that dis- 
tinguished it from blue-collar work. It 
called for some formal education. Fur- 
thermore, because it was clean, respect- 
able work it was thought to be suitable 
for middle-class women who had not 
previously worked for wages. Families 
who wanted relief from supporting a 
single daughter or who sought to give 


marketable skills to daughters who 


might not marry or whose husbands 
might die young sent their daughters to 
commercial schools and then into the 
job market. In the 1870’s such economic 
and demographic pressures had pro- 
pelled young middle-class women into 
nursing and teaching. In the 1890’s and 
1900’s the pressures moved them to- 
ward the newly available office jobs. 
In the offices they were joined by women 
from poor families who had gone to 
commercial training schools to acquire 
the skills for a white-collar job. 


The secretary (once widely known as 
the “female typewriter”) and the tele- 
phone operator quickly replaced the 
machine operative as the typical female 
worker. Their work was much less dirty 
and less difficult than mill work. There 
were, however, fundamental similarities 
between the situation of the blue-collar 
workers and the white-collar ones. The 
mechanization of document copying 
and communications created new oc- 
cupations while maintaining women in 
a labor market separate from that of 
men. Occupations were still segregated | 
according to sex, and the cultural ster- 
eotypes of women’s capacities were 
closely associated with the work. It was 
said that women’s fingers raced as deft- 
ly over the typewriter keys as if they 
had been playing the piano. According 
to employers, women’s ability to greet 
strangers pleasantly, their reliability and 
their tolerance for repetition made them 
ideal telephone operators. 

Just as jobs in the mill had been, so the 
jobs of secretary and telephone operator 
were designated as employment for 
single women. Age limits of between 
18 and 25 were usually enforced. Em- 
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WORKING WOMEN EMPLOYED 
AS HOUSEHOLD WORKERS (PERCENT) 


1940 1950 1960 #1970 


1920 


1870 1880 1890 1900 1910 1930 
HOUSEHOLD WORKERS (other than family members) represent a diminishing fraction of 
all working women. In 1870 more than half of all employed women were household workers; 
by 1980 the fraction had decreased to about 2 percent. The reduction in the availability of do- 
mestic servants, along with higher standards of household cleanliness and the presence of labor- 
saving appliances, has served to increase housework for middle-class women. With the aid of 


appliances such women now spend much time doing work that was once done by servants. 
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FRACTION OF MARRIED WOMEN WHO WORK has increased greatly since 1900. The 
black line shows the labor-force participation rate for single women, the gray line the rate for 
all women, the colored line the rate for married women. About half of all married women now 
work outside the home, compared with about 5 percent in 1900. In the 19th century and the 
early 20th most working women were single. Work did not change a woman’s anticipated life 
course, because women stopped working when they married. The increase in the employment 
of married women was a substantial social change, but it appears to have had little directly to 
do with mechanization. One interpretation is that married women became acceptable employ- 
ees only when the pool of single women did not expand rapidly enough to meet labor needs. 
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ployers often required young women 
to leave their job when they married 
whether they wanted to leave or not. A 
businesswoman who ran a commercial 
training school for female office work- 
ers early in the 20th century explained 
the difference between the careers and 
wages of men and those of women as 
follows: “Women must admit to one 
handicap in an independent business 
life—business wears a temporary aspect 
to most girls. For if she is normally con- 
stituted, every girl hopes that someday 
she will be happily married.” 

The temporary nature of employment 
made promotion and an institutional- 
ized career path unnecessary; because 
women in business were not promoted 
regularly their wages remained low and 
stable. In addition employers assumed, 
although it was not always true, that 
young women did not have families to 
support and indeed that they were sup- 
ported by their families. As a result 
the wages of female clerical workers 
were generally about half what male 
clerical workers had earned. For this 
reason men denounced the invasion of 
the office by women. A male former 
clerk wrote that ““women are employed 
not on account of their capacity but be- 
cause they are cheaper than men.” 


he spite of a substantial change in the 
composition of the female labor 
force working women are still paid 
less than their male counterparts. Since 
World War II there has been a dramat- 
ic increase in the proportion of married 
women who work; the increase has been 
particularly marked among those with 
young children. The increase has had 
little to do with mechanization, includ- 
ing, as I shall show, the mechanization 
of the household. No major technologi- 
cal innovation appears to have been di- 
rectly associated with the increase in the 
number of married women who earn 
wages. Rather than being the result of 
mechanization the increase has been 
caused by a series of economic and 
demographic developments that have 
drawn married women into the kinds of 
jobs once held by single women. 
Valerie Kincaid Oppenheimer of the 
University of California at Los Angeles 
has argued that married women became 
acceptable employees when the pool of 
single women workers decreased as a 
result of extended education and higher 
marriage rates. Over the same period in- 
flation and the desire to maintain an in- 
creasingly high standard of living led 
many married women to seek work out- 
side the home. Their motives, like those 
of the married women who worked in 
the early textile mills, were economic. 
For many 20th-century women, how- 
ever, the immediate aim was not to se- 
cure food for the family but to pay off a 
mortgage, send children to college or 
buy laborsaving appliances. In the late 





a) 
¢ © 
S Pace op 
Yo. Ze) »‘ & 
Migs yg 
S& YY Opies Ly Ney 
% : SoM 
> on 








JOBS HELD BY WOMEN (PERCENT) 
on 
o) 


E ae 
| Ee 
| 

t 

f % 


1970’s and early 1980’s, as the inflation 
rate and the divorce rate have increased, 
the older subsistence motive has reap- 
peared. Many mothers now work in or- 
der to feed and clothe their children 
rather than to buy luxuries. The extraor- 
dinary number of families headed by 
women that live at or below the poverty 
level in the U.S. demonstrates that this 
is sO; it also reflects the persistence of 
the attitude that women’s work deserves 
less pay than men’s work. 


Ithough increased employment out- 
side the home by married women 
was a significant shift, some important 
qualities of women’s work remained un- 
altered when married women went to 
work. Manufacturing and white-collar 
jobs are still segregated by sex. In both 
kinds of employment men’s and wom- 
en’s working areas are often separated 
spatially. Thus in modern workplaces 
there are not only men’s and women’s 
jobs but also men’s and women’s spaces, 
in the same sense in which the early tele- 
phone exchange was a women’s space. 
Observation of the effect on mar- 
riages and on children of women’s leav- 
ing home to work has led some econo- 
mists and employers to argue that if 
wage work is necessary, it ought to be 
done in a married woman’s traditional 
space: the home. In the case of office 
work, which now employs the largest 
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SEGREGATION OF OCCUPATIONS BY SEX has not been elim- 
inated by the mechanization of work. This chart shows the frac- 
tion of workers in selected occupations who are women. The data are 
for 1980; they are from the U.S. Department of Labor. The occupa- 
tions dominated by women are for the most part unskilled and poor- 
ly paid. Those dominated by men are a mixture of well-paid skilled 
jobs and blue-collar jobs. There are sharp distinctions between wom- 
en’s work and men’s work even within a particular industry or be- 


proportion of working women, electron- 
ic equipment could make it possible for 
married women to work at home [see 
“The Mechanization of Office Work,” 
by Vincent E. Giuliano, page 124]. Con- 
nected by telephone lines to administra- 
tive headquarters, workers could oper- 
ate word processors, retrieve and store 
information and do various other cleri- 
cal and secretarial tasks. Mechanization 
might thereby reconcile work and child 
care for many women. It could also 
make it unnecessary for social planners 
to consider whether the nuclear family 
is the best form of organization of bio- 
logical reproduction and child care. 

It seems unlikely, however, that com- 
puter technology will transform the en- 
during characteristics of women’s work. 
On the contrary, computer terminals in 
the home would probably lower secre- 
tarial wages. The reason is that the ma- 
chines themselves make it possible to 
do large amounts of work quickly and 
therefore reduce the number of workers 
needed to do a given amount of work. 
The resulting increase in competition 
for jobs would drive wages down. More- 
over, it is probable that when home 
terminals become common, employers 
will substitute piece rates for hourly 
wages or Salaries. Piece rates offer a 
more efficient means of controlling un- 
supervised work than payment accord- 
ing to time worked. The isolation of of- 





tween closely related occupations. In such cases men dominate the 
better-paid occupations. For example, the occupation of telephone 
operator, which became women’s work in the 1880's as a result of 
mechanization and other factors, has remained women’s work: in 
1980 more than 90 percent of operators were women. Telephone in- 
stallers and repairers, however, were overwhelmingly male. In 1980 
more than 70 percent of retail sales clerks were women. Most whole- 
sale salesmen, however, were men; only about 10 percent were women. 


fice workers in the home would make 
it difficult for them to discuss shared 
grievances, as workers now can in the 
workplace, and hence would make it dif- 
ficult for them to organize collectively. 


As aresult it would be possible for em- 


ployers to pay low and unequal wages. 

By enabling married women to work 
at home for wages computers might 
have an effect on women analogous to 
that of the sewing machine in the 19th 
century. Sewing machines made nee- 
dlework much more efficient. Initially, 
however, the machines were installed in 
the workshops of clothing manufactur- 
ers or subcontractors. In the 1890’s 
the manufacture of lighter and cheaper 
models made sewing machines practical 
for home use. Along with the purchase 
of a sewing machine often went wage 
work at home. Advertisements for sew- 
ing machines sometimes included a con- 
tract with a garment manufacturer as an 
inducement to buy. If a woman signed a 
contract, she could by doing piecework 
both pay for her sewing machine and 
earn additional money. 

Work at home was not a new occu- 
pation for married women. Women of 
the urban working class in Europe and 
the U.S. had long helped to support 
their family by means of such work. In 
some instances full-time entrepreneuri- 
al work overlapped the home, as in the 
case of women who were innkeepers; 


147 


other women did metal polishing and 
laundry in the home; still others did 
piecework such as making hats or artifi- 
cial flowers or spinning silk. 

The commonest occupation for mar- 
ried women at home, however, was sew- 
ing. The practice of earning wages by 
sewing at home became more wide- 
spread with the growth of the ready- 
made clothing industry. In the best cir- 
cumstances married women combined 
sewing with child care and housework. 
Their earnings supplemented those of 
a husband and in some cases work- 
ing children. The fact that the money 
earned in this way was supplemental to 
the family income enabled the wom- 
en to exercise some control over the 
rhythm of their work. Sewing for a few 
hours a day was profitable employment 
while the children were at school. 

Such relatively fortunate women were 
in the minority; most women sewed be- 
cause they needed as much money as 
they could possibly earn. Because em- 
ployers paid by the piece and the rates 
were low, long hours were needed to 
earn even a subsistence wage. Some 
working-class women spent every wak- 
ing moment sewing and required the la- 
bor of as many family members as were 
available. It was common for children 
to be kept home from school so that 
more garments could be sewn. The sew- 
ing machine transformed such house- 
holds into miniature sweatshops. The 


WOMEN'S EARNINGS (PERCENT OF MEN'S) 


WOMEN’S EARNINGS are less than those of men in the same oc- 
cupation in almost every field. The bars indicate women’s earnings 
as a fraction of men’s. The data are for 1981; they are from the U.S. 
Department of Labor. The differential between the earnings of men 
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mother ran the machine while children 
and relatives sewed hems and put on 
buttons. Neighbor women who could 
not afford their own machines some- 
times joined the work force, bringing 
young children to sleep or play while 
they worked. Social reformers at the 
turn of the century described tenement 
rooms filled with women and children 
whose voices could barely be heard over 
the noise of the sewing machine. The 
reformers deplored the low piece rates 
that led women to work 15 or more 
hours per day, neglecting their children 
and household. 

The sewing machine increased the 
speed with which goods could be sewn, 
standardized the products and perhaps 
created more jobs. The machine did not, 
however, alter the low rate of pay, the 
fact that most home workers were wom- 
en and the fact that most married work- 
ing women worked at home. Thus the 
mechanization of needlework did not 
free working-class women from the 
household; instead the sewing machine 
was incorporated into the traditional 
pattern of work at home. 

The sewing machine had a different 
effect on women who did not use it as a 
means of earning money. Housewives 
who had previously bought clothing 
ready-made began to make clothes at 
home with the aid of the patterns that 
were printed on the women’s pages of 
newspapers and magazines and sold in 


fabric stores. The practice of making ~ 
the family’s clothes had diminished in 
importance with the introduction of 
mass-produced garments. By encourag- 
ing women to return to the older prac- 
tice the mechanization of sewing re- 
duced the time a housewife spent as a 
consumer and increased the time she 
spent as a household worker. 

The sewing machine was one of sever- 
al devices that “industrialized” the mid- 
dle-class household in the first decades 
of this century. The washing machine, 
the iron and the home freezer also re- 
duced the urban housewife’s reliance on 
services provided outside the home. The 
new appliances individualized the prep- 
aration and preservation of food and 
the making and maintenance of cloth- 
ing and linen. Instead of buying services, 
the housewife did the job herself with 
the aid of her appliances. The vacuum 
cleaner and the dishwasher had a similar 
effect, but those appliances did work 
that had been done by servants in most 
middle-class homes. 


Sons observers of mechanization have 
suggested that there is a causal rela- 
tion between the industrialization of 
the household and the entry of married 
women into the labor market. It is usual- 
ly argued that household appliances so 
diminished the time housewives needed 
for domestic chores that they had time 
for paid work outside the home. John D. 





and the earnings of women varies from about 40 percent among 
bank officials to about 15 percent among editors and reporters. The 
differential exists in both skilled and unskilled occupations; it exists 
in occupations dominated by men and those dominated by women. 


Durand of the Bureau of Social Affairs 
of the United Nations predicted in 1946 
that laborsaving household appliances 
might “‘virtually...eliminate the home 
as a place of work and housewives as 
a functional group in the population.” 
The work of Joann Vanek of the UN 
Statistical Office, however, shows that 
between 1920 and 1960 the time women 
not employed outside the home spent in 
housework increased [see “Time Spent 
in Housework,” by Joann Vanek; ScI- 
ENTIFIC AMERICAN, November, 1974]. 
The four decades covered by Vanek’s 
study constitute a period when the ur- 
ban population of the U.S. increased 
and the ownership of household ap- 
pliances spread throughout the popula- 
tion. In spite of the fact that rural 
women preserved food and did much 
more physical work than urban women, 
Vanek’s investigation shows that urban 
housewives spent more time in house- 
work than rural ones. 

One reason for the increase in the time 
spent in housework appears to have 
been the decrease in the proportion of 
urban families that had domestic ser- 
vants. By the 1920’s the population of 
servants had declined both in number 
and as a proportion of the female work 
force. In 1870, 52 percent of employed 
women were servants; by 1920 the frac- 
tion had decreased to 16 percent. Mid- 
dle-class women without servants found 
vacuum cleaners and washing machines 
an attractive investment, but although 
the appliances eliminated some of the 
more onerous aspects of housework, 
they did require someone to operate 
them. In the household without ser- 
vants the housewife became the sole do- 
mestic worker. 

The amount of domestic work was 
further increased by a rise in the stan- 
dards of household cleanliness. Ruth 
Schwartz Cowan of the State University 
of New York at Stony Brook has shown 
that this rise accompanied the introduc- 
tion of household appliances. From the 
1890’s to the 1920’s the home-econom- 
ics movement portrayed women as sci- 
entific managers of the health of the 
household. Articles in magazines such 
as Ladies’ Home Journal emphasized the 
importance of spotless homes; adver- 
tisements in their pages offered soaps 
and cleaning solutions to help do the 
job. Even if women spent less time 
sweeping, scrubbing and rinsing than 
their mothers and grandmothers had, 
they did the laundry more often and 
spent more time waiting in line at stores 
to buy cleaning agents. 

The time spent in domestic chores was 
also increased by a new emphasis on 
the principles of child rearing. Mothers 
were expected to be experts in the psy- 
chological, physical and educational de- 
velopment of their children. Household 
appliances merely enabled women to 
transfer their attention from one kind of 
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domestic activity to another without by 
any means escaping such activity alto- 
gether. Cowan concludes that “wom- 
en of the middle class... did not get di- 
vorces, nor enter the labor market or 
the political arena. They were too busy 
sterilizing bottles, taking children to 
music and dance classes, making bal- 
anced meals, shopping, studying child 
psychology and sewing color-coordi- 
nated curtains.” 


Bees hypothesis that laborsaving ma- 
chinery liberated women from do- 
mestic work is further weakened by the 
observation that although middle-class 
women were the most likely to be able to 
afford household appliances, they have 
always been the group least likely to 
work for pay outside the home. There is 
little historical correlation between the 
owning of household machinery and 
wage earning. In the early part of the 
century increases in the female labor 
force were due primarily to single wom- 
en taking white-collar positions; the in- 
crease was due to a lesser extent to poor 
married women filling less desirable 





jobs in factories and in domestic service. 

The fact that the women who were 
working were not the ones who owned 
the new appliances was demonstrated in 
the stark contrast between the homes of 
the middle class and those of the work- 
ing class. Investigators such as Jacob 
Riis of conditions in the homes of the 
poor found them lacking in essential 
comforts and indeed barely furnished. 
In 1912 an investigator for a Senate 
committee wrote that “nothing appears 
comfortable, nothing beautiful.” Work- 
ing-class homes were kept clean by old- 
fashioned labor-intensive methods. The 
women of such households were not 
freed to work by laborsaving appli- 
ances; they were forced to work by eco- 
nomic necessity. 

Since World War II there has been a 
diffusion of household appliances to 
a large proportion of U.S. households, 
partly because the appliances cost less 
in relative terms than they had earlier. 
There has also been a dramatic increase 
in the number of married women who 
work, in both the middle class and the 
working class. The evidence nonetheless 


indicates that economic pressures and 
not free time propel most women into 
the labor force. If anything, it is the 
desire for household appliances rather 
than their possession that provides some 
of the motivation for women to work. 
Their goal is to earn enough money to 
buy appliances that promise to lighten 
the double burden of wage work and 
housework. The evidence confirms Op- 
penheimer’s suggestion that “the great 
increase in laborsaving devices and serv- 
ices [is] a response to a rise in female 
labor participation” and not the cause of 
wage-earning work. 

Although the ownership of household 
machinery can lighten a working wom- 
an’s domestic responsibilities, it does 
not by any means eliminate household 
work. Married working women contin- 
ue to reconcile domestic work and wage 
earning as their predecessors did in the 
preindustrial era. Data collected in the 
1970’s show that working women who 
are married spend an average of about 
30 hours a week on housework com- 
pared with 50 for full-time housewives. 
Thus although the burden of housework 


CONTEMPORARY TELEPHONE OPERATORS are shown in a 
photograph made in a Traffic Service Position System (TSPS) facili- 
ty operated by the New York Telephone Company in New York. In- 
troduced in 1969, the TSPs consists of a base unit where most calls 
are automatically connected and offices such as this one, where oper- 
ators handle calls that require human intervention. The TSPps made 
it possible for customers to dial calls requiring the assistance of an 
operator, such as credit-card calls. The customer dials the call with 
the addition of a code indicating that assistance is required. The op- 
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erator then gets the customer’s credit-card number and enters it in 
the record of the call. The automatic completion of the calling cir- 
cuit, which eliminated the need for an operator on routine calls, was 
introduced relatively slowly; by 1925 only about 12 percent of the tel- 
ephone lines in the Bell System were operated automatically. There- 
after the expansion and mechanization of telephone service were 
rapid; thus the number of operators increased slowly. In the 1910’s 
the Bell System had 100,000 operators for seven million telephones. 
In 1970 there were 166,000 operators for 98 million telephones. 


is reduced somewhat, working women 
still spend a significant amount of time 
on domestic and child-rearing tasks. In 
contrast, the husbands of working wives 
spend little or no time doing house- 
work. Many married women appear to 
be trying to manage the combination 
of wage earning and housework by tak- 
ing part-time rather than full-time jobs, 
which perpetuates occupational segre- 
gation and the lower status of women in 
the job market. 

In spite of the fact that the past 200 
years have constituted a period of rapid 
‘technological change there is a surpris- 
ing continuity between the social and 
economic position of women at the be- 
ginning of the period and at the end. In 
both blue- and white-collar work mech- 
anization has been associated with the 
feminization of particular occupations. 
Industrial machinery has been intro- 
duced partly to lower labor costs; em- 
ployers have drawn on long-standing 
cultural assumptions about the low val- 
ue of women’s work in designating cer- 
tain jobs as suitable only for females. 
The mechanization of the household 
confirmed the housewife’s responsibility 
for preparing food, buying supplies and 
keeping things clean in a private fam- 
ily setting. Indeed, mechanization has 
made these responsibilities more accept- 
able to middle-class women who would 
once have relied on servants. There have 
been changes in the location of women’s 
work and in the level of drudgery in- 
volved, but the changes have not been 
revolutionary. There is a predictable 
pattern in the changes in women’s work: 
each transformation has extended the 
notion of a location for women’s work 
separate from that for men’s work and 
the notion that women’s work is worth 
less than men’s. 

My argument is not intended to deny 
that there have been significant im- 
provements in certain aspects of the po- 
sition of women in society since the 
mechanization of work began. In the 
U.S. and western Europe laws enacted 
in the 19th century granted women edu- 
cation and property rights; laws enact- 
ed in the 20th century granted them 
the right to vote. Social custom has 
altered standards of propriety in cloth- 
ing, public behavior and sexual expres- 
sion. Women now appear to have more 
choices and to be freer of repression 
and control than they were even a gen- 
eration ago. There are more women 
training to become lawyers, physicians, 
university professors or business ex- 
ecutives. 

Whether such changes alter funda- 
mentally the structure of society or 
women’s position in it is debatable; in 
any case they are not the direct result of 
mechanization. Some changes may be 
indirect consequences of the Industrial 
Revolution. Industrialization accelerat- 
ed the decline in the importance of land- 


ed property as the basis for family pow- 
er. It led to a growing need for educated 
workers of both sexes and hence for 
teachers, and it stimulated the growth of 
the urban population, which needs myr- 
iad commercial services and health care. 
Other changes in the status of women 
have resulted from the introduction of 
more reliable methods of contraception; 
still others result from shifts in the ages 
at which people marry, bear children 
and die. 

The most important improvements in 
the position of women, however, have 
been the result of the actions of women 
themselves. Such changes have some- 
times been responses to mechanization, 
but they were not inherent in the ma- 
chines. For example, textile factories 
brought women workers together under 
one roof and gave them a sense of the 
collective power of labor. In so doing 
the mills created the preconditions for 
organized expression of labor griev- 
ances. Demands for improved condi- 
tions and higher wages, however, were 
formulated by the women themselves; 
the demands were won only because of 
the economic and political pressure the 
organized workers brought to bear on 
their employers. 


| Dees and, among the middle 
class, employment led women to 
demand civil equality, particularly the 
right to vote. Women won their civil 
rights, however, only after years of po- 
litical organizing and (in England and 
the U.S.) militant public action. House- 
hold appliances may have made domes- 
tic workers out of middle-class wom- 
en and so led them into the women’s 
movement in the 1960’s and 1970’s, but 
it was the women themselves who for- 
mulated the critique of “the feminine 
mystique.” These examples suggest that 
mechanization did not change the in- 
ferior position of women. On the con- 
trary, mechanization emphasized wom- 
en’s social inferiority and led to protests 
aimed not only at improving particular 
conditions but also at improving the 
overall situation of women. 

Those who insist that only a revalua- 
tion of women’s status can lead to great- 
er economic equity and the integration 
of women into all sectors of the labor 
market address the problem directly. 
Until the social and cultural conception 
of the value of women’s work has been 
changed there can be no revolutionary 
transformation of women’s status as 
workers. The mechanization of work af- 
fects those who work and society at 
large only through the social context in 
which the machinery is employed. For 
women mechanization has confirmed 
rather than altered their economic and 
social valuation. In spite of the political 
and industrial revolutions of recent cen- 
turies the revolution for women is yet 
to come. 
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The Distribution 
of Work and Income 


When workers are displaced by machines, the economy can sutter trom 


the loss of their purchasing power. Historically the problem has been 


eased by shortening the work week, a trend currently at a standstill] 


CC y Lords: During the short 
M time I recently passed in 
Nottinghamshire not twelve 
hours elapsed without some fresh act of 
violence;...I was informed that forty 
Frames had been broken the preceding 
evening. These machines...superseded 
the necessity of employing a number of 
workmen, who were left in consequence 
to starve. By the adoption of one species 
of Frame in particular, one man per- 
formed the work of many, and the su- 
perfluous labourers were thrown out of 
employment.... The rejected workmen 
in the blindness of their ignorance, in- 
stead of rejoicing at these improvements 
in art so beneficial to mankind, con- 
ceived themselves to be sacrificed to im- 
provements in mechanism.” 

With these words Lord Byron in his 
maiden speech to the House of Lords in 
February, 1812, sought to explain, and 
by explaining to excuse, the renewal of 
the Luddite protest that was shaking 
the English social order. Nearly a gener- 
ation earlier Ned Ludd had led his fel- 
low workers in destroying the “frames”: 
the knitting machines that employers 
had begun to install in the workshops 
of the country’s growing textile indus- 
try. The House had before it legislation 
to exact the death penalty for such acts 
of sabotage. The Earl of Lauderdale 
sharpened Byron’s thesis that the misled 
workers were acting against their own 
interests: “Nothing could be more cer- 
tain than the fact that every improve- 
ment in machinery contributed to the 
improvement in the condition of per- 
sons manufacturing the machines, there 
being in a very short time after such im- 
provements were introduced a greater 
demand for labour than ever before.” 

History has apparently sustained the 
optimistic outlook of the early expo- 
nents of modern industrial society. The 
specter of involuntary technological un- 
employment seems to remain no more 
than a specter. Beginning with the in- 
vention of the steam engine, successive 
waves of technological innovation have 
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by Wassily W. Leontief 


brought in the now industrial, or ‘‘devel- 
oped,” countries a spectacular growth 
of both employment and real wages, a 
combination that spells prosperity and 
social peace. Thanks as well to techno- 
logical innovation, more than half of the 
labor force in all these countries—70 
percent of the U.S. labor force—has 
been relieved from labor in agriculture 
and other goods-production that em- 
ployed substantially everyone before 
the Industrial Revolution. It is true that 
the less developed countries are still 
waiting in line. If the outlook for the 
future can be based on the experience of 
the past 200 years, those countries too 
can expect to move up, provided their 
governments can succeed in reducing 
their high rate of population growth and 
desist from interfering with the budding 
of the spirit of free private enterprise. 


There are signs today, however, that 


past experience cannot serve as a reli- 
able guide for the future of technologi- 
cal change. With the advent of solid- 
state electronics, machines that have 
been displacing human muscle from the 
production of goods are being succeed- 
ed by machines that take over the func- 
tions of the human nervous system not 
only in production but in the service 
industries as well, as has been shown 
in the preceding articles in this issue 
of Scientific American. The relation be- 
tween man and machine is being rad- 
ically transformed. 


he beneficence of that relationship is 

usually measured by the “productiv- 
ity’ of labor. This is the total output 
divided by the number of workers or, 
even better, by the number of man- 
hours required for its production. Thus 
30 years ago it took several thousand 
switchboard operators to handle a mil- 
lion long-distance telephone calls; 10 
years later it took several hundred oper- 
ators, and now, with automatic switch- 
boards linked automatically to other au- 
tomatic switchboards, only a few dozen 
are needed. Plainly the productivity of 


labor—that is, the number of calls com- 
pleted per operator—has been increas- 
ing by leaps and bounds. Simple arith- 
metic shows that it will reach its highest 
level when only one operator remains 
and will become incalculable on the day 
that operator is discharged. 





STOCKHOLDERS’ MEETING (Hauptver- 
sammlung) of Volkswagenwerk AG in West 
Germany exemplifies an institution of the 


The inadequacy of this conventional 
measure is perhaps better illustrated if 
it is applied to assess the effects of the 
progressive replacement of horses by 
tractors in agriculture. Dividing the suc- 
cessive annual harvest figures first by 
the gradually increasing number of trac- 
tors and then by the reciprocally falling 
number of horses yields the paradoxical 
conclusion that throughout this time of 
transition the relative productivity of 
tractors tended to fall while the produc- 
tivity of the horses they were replacing 
was rising. In fact, of course, the cost-ef- 
fectiveness of horses diminished steadi- 
ly compared with that of the increasing- 
ly efficient tractors. 

In the place of such uncertain abstrac- 
tions it is more productive to try to bring 
the underlying facts into consideration 
and analysis. Technological change can 
be visualized conveniently as change in 
the cooking recipes—the specific combi- 
nations of inputs—followed by different 
industries to produce their respective 
outputs. Progress in electromechanical 
technology enabled the telephone com- 
pany to replace the old technological 
recipe calling for a large number of 


West German economy: close collaboration between capital and la- 
bor. The West German “codetermination” law requires that half of 
the board of directors of each large corporation be elected by labor 


manual switchboards having many op- 
erators with a new recipe combining 
more expensive automatic switchboards 
having fewer operators. In agriculture 
technological progress brought the in- 
troduction of successive input combina- 
tions with smaller inputs of animal and 
human labor and larger and more diver- 
sified inputs of other kinds—not only 
mechanical equipment but also pesti- 
cides, herbicides, vaccines, antibiotics, 
hormones and hybrid seed. 

New recipes come into service in ev- 
ery industry by a constant process of 
“costing out.” Some inputs included ina 
new recipe are at the outset too expen- 
sive, and it takes some time before im- 
provements in their design or in the 
method of their manufacture bring suffi- 
cient reduction in their price and conse- 
quently in the total cost of the recipe to 
allow the adoption of the new technolo- 
gy. The decline, at the nearly constant 
rate of 30 percent per year for many 
years, in the cost per memory bit on the 
integrated-circuit chip has brought sol- 
id-state electronics technology first into 
expensive capital equipment such as tel- 
ephone switchboards, automatic pilots, 


machine tools and computers, then into 
radio and television sets and power- 
ful, low-cost computers as an entirely 
new category of consumer goods, then 
into the control systems of automobiles 
and household appliances and even into 
such expendable goods as toys. Thus the 
adoption of a new recipe in one industry 
often depends on replacement of the old 
by a new technology in another indus- 
try, as the vacuum tube was replaced by 
the transistor and its descendants in the 
transformed electronics industry. 


Sieppins back and contemplating the 
flow of raw materials and intermedi- 
ate products through the input-output 
structure of an industrial system and the 
corresponding price structure, one can 
see that prices more or less faithfully 
reflect the state of technology in the sys- 
tem. With the passage of time price 
changes can be expected to reflect long- 
run technological changes going on in 
the various sectors. In this perspective 
human labor of a specific kind appears 
as one, but only one, of the many differ- 
ent inputs the price of which must be 
reckoned in the costing out of a given 





and the other half by the stockholders. At this meeting of Volkswa- 
gen, held on July 1, the directors and the managers of the company 
are on the dais giving reports to stockholders and answering questions. 
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technological recipe. Its price, the wage 
rate, enters into the cost comparisons 
between competing technologies in the 
same way as the price of any other mput. 

In the succession of technological 
changes that have accompanied eco- 
nomic development and growth, new 
goods and services come on the stage 
and old ones, having played their role, 
step off. Such changes proceed at differ- 
ent rates and on different scales, affect- 
ing some sectors of economic activity 
more than others. Some types of labor 
are replaced faster than others. Less 
skilled workers in many instances, but 
not always, go first, more skilled work- 
ers later. Computers are now taking on 
the jobs of white-collar workers, per- 
forming first simple and then increasing- 
ly complex mental tasks. 

Human labor from time immemorial 
played the role of principal factor of 
production. There are reasons to believe 
human labor will not retain this status in 
the future. 

Over the past two centuries techno- 
logical innovation has brought an expo- 
nential growth of total output in the 
industrial economies, accompanied by 
rising per capita consumption. At the 
same time, until the middle 1940’s the 
easing of man’s labor was enjoyed in 
the progressive shortening of the work- 
ing day, working week and working 


150 


140 






130 


120 


= 


110 


INDEX 


100 a es a 
90 


80 


1949 1951 1953 1955 1957 1959 





GREE eee 
| ee 


1961 


year. Increased leisure (and for that 
matter cleaner air and purer water) 1s 
not counted in the official adding up of 
goods and services in the gross national 
product. It has nonetheless contributed 
greatly to the well-being of blue-collar 
workers and salaried employees. With- 
out increase in leisure time the populari- 
zation of education and cultural advan- 
tages that has distinguished the industri- 
al societies in the first 80 years of this 
century would not have been possible. 

The reduction of the average work 
week in manufacturing from 67 hours in 
1870 to somewhat less than 42 hours 
must also be recognized as the with- 
drawal of many millions of working 
hours from the labor market. Since the 
end of World War II, however, the work 
week has remained almost constant. 
Waves of technological innovation have 
continued to overtake each other as be- 
fore. The real wage rate, discounted for 
inflation, has continued to go up. Yet the 
length of the normal work week today is 
practically the same as it was 35 years 
ago. In 1977 the work week in the U:S. 
manufacturing industries, adjusted for 
the growth in vacations and holidays, 
was still 41.8 hours. 

Concurrently the U.S. economy has 
seen a chronic increase in unemploy- 
ment from one oscillation of the busi- 
ness cycle to the next. The 2 percent ac- 
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VALUE OF CAPITAL STOCK employed per man-hour in manufacturing industries in the 
USS., plotted here on a constant 1967-dollar index, has almost doubled since the end of World 
War II. In this period the total output per capita of U.S. manufacturing industries also more 
than doubled. With a constant work week over this period (see illustration on opposite page) 
and an increase of only 4 percent in the blue-collar factory work force, from 12.8 to 13.3 mil- 
lion, the increase in output must be attributed almost entirely to the introduction of new tech- 
nology embodied in the expanding capital stock of the industries. The development of the tech- 
nology in these capital inputs is one of the functions of the white-collar “nonproduction” work 
force in the manufacturing industries, which in the same period more than doubled in num- 
ber, from fewer than three million workers to nearly six million. The chart may also be tak- 
en as plotting the rising capital cost of creating a new job in U.S. manufacturing industries. 


154 


cepted as the irreducible unemployment 
rate by proponents of full-employment 
legislation in 1945 became the 4 percent 
of New Frontier economic managers 
in the 1960’s. The country’s unemploy- 
ment problem today exceeds 9 percent. 
How can this be explained? 


Wee technological change there 
could, of course, be no technologi- 
cal unemployment. Nor would there be 
such unemployment if the total popula- 
tion and the labor force, instead of 
growing, were to shrink. Workers might 
also hang on to their jobs.if they would 
agree to accept lower wages. Those who 
are concerned with population growth 
are likely to proclaim that “too many 
workers” is the actual cause of unem- 
ployment. Libertarians of the “Keep 
your hands off the free market” school 
urge the remedy of wage cuts brought 
about by the systematic curtailment of 
the power of trade unions and the re- 
duction of unemployment and welfare 
benefits. Advocates of full employment 
have been heard to propose that labor- 
intensive technologies be given prefer- 
ence over laborsaving ones. A more fa- 
miliar medicine is prescribed by those 
who advocate stepped-up investment in 
accelerated economic growth. 

Each of these diagnoses has its short- 
comings, and the remedies they pre- 
scribe can be no more than palliative at 
best. A drastic general wage cut might 
temporarily arrest the adoption of la- 
borsaving technology, even though dirt- 
cheap labor could not compete in many 
operations with very powerful or very 
sophisticated machines. The old trend 
would be bound to resume, however, 
unless special barriers were erected 
against laborsaving devices. Even the 
most principled libertarian must hesi- 
tate to have wage questions settled by 
cutthroat competition among workers 
under the pressure of steadily advanc- 
ing technology. The erection of Ludd- 
ite barriers to technological progress 
would, on the other hand, bring more 
menace to the health of the economic 
and social system than the disease it is 
intended to cure. 

Increased investment can certainly 
provide jobs for people who would oth- 
erwise be unemployed. Given the rate 


‘of technological advance, the creation 


of one additional job that 20 years ago 
might have required an investment of 
$50,000 now demands $100,000 and in 
20 years will demand $500,000, even 
with inflation discounted. A high rate of 
investment is, of course, indispensable 
to the expanding needs of a growing 
economy. It can make only a limited 
contribution to alleviating involuntary 
technological unemployment, however, 
because the greater the rate of capital 
investment, the higher the rate of intro- 
duction of new laborsaving technology. 
The latest copper smelter to go into 
service in the U.S. cost $450 million and 
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WORK WEEK IN MANUFACTURING INDUSTRIES of the U.S. 
shortened from about 67 hours in 1860 to about 42 hours in 1950 
and has remained constant since then. Such reduction in the average 
number of working hours per week per employee amounts to the 
withdrawal from work of more than a third of the manufacturing la- 
bor force. The work week actually fell below 40 hours in the Great 
Depression of the 1930’s with “sharing of unemployment” in part- 
time jobs and climbed well above 40 hours with overtime work in war 
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production in the 1940’s. The shortening of the work week together 
with income policies to maintain and increase, as the increase in out- 
put allows, the take-home income of the labor force constitutes one 
strategy for offsetting technological unemployment (see illustrations 
on pages 162 and 164). The discontinuity in the curve, over the pe- 
riod 1910 through 1925, reflects a change in the statistical time se- 
ries kept by the country’s bookkeepers involving principally changes 
in their accounting of the time of part-time and seasonal workers. 


employs fewer than 50 men per shift. 
Americans might have continued to 
absorb potential technological unem- 
ployment by voluntary shortening of the 
work week if real wages had risen over 
the past 40 years faster than they actual- 
ly have, allowing the expectation of in- 
crease not only of total annual pay but 
also of total lifetime take-home pay. Be- 
cause of the greatly expanded opportu- 
nities to replace labor by increasingly 
sophisticated technology it appears that 
the impersonal forces of the market no 
longer favor that possibility. Govern- 
ment policies directed at encouraging a 
steady rise in real wages sufficiently 
large to induce workers to resume con- 
tinuous voluntary reduction in the work 
week could once have been considered. 
Under present conditions such policies 
would require such a large increase in 
the share of total national income go- 
ing to wages that it would bring decline 
in productive investment, which is fi- 
nanced largely by undistributed corpo- 
rate earnings and the savings of the up- 
per income group. This would result in 
an unacceptable slowdown of economic 
growth. There remains the alternative of 
direct action to promote a progressive 
shortening of the work week combined 
with income policies designed to main- 
tain and to increase, as increases in total 
output allow, the real family income of 
wage earners and salaried employees. 


Recent studies sponsored by the U.S. 
Department of Labor seem to indicate 
that the total number of working hours 
offered by the existing labor force 
might be reduced in exchange for a 
more flexible scheduling of work time. 
Indeed, some workers, depending on 
their age group, family status, occupa- 
tion and so on, would even be prepared 
to forgo a certain fraction of their cur- 
rent income, some by extension of their 
annual vacation, some by earlier retire- 
ment or sabbatical leave and some by 
working four and a half days per week 
instead of five. Reducing the work day 
by 15 minutes proves, incidentally, to 
be one of the less desirable alterna- 
tives. Tentative and obviously some- 
what speculative computations based 
on the most desirable trade-off choices 
for different groups developed in these 
studies indicate that the average U.S. 
worker would be willing to forgo some 
4.7 percent of earnings in exchange for 
free time. On the basis of the 1978 
work year the average employee’s work 
time would be reduced from 1,910 work 
hours to 1,821, or by more than two 
working weeks in a year. 


Ithough such measures certainly 
deserve serious consideration and, 

if at all possible, practical implementa- 
tion, they cannot provide a final answer 
to the long-run question of how to en- 


able a modern industrial society to de- 
rive the benefits of continued techno- 
logical progress without experiencing 
involuntary technological unemploy- 
ment and resulting social disruption. 
Sooner or later, and quite probably 
sooner, the increasingly mechanized 
society must face another problem: the 
problem of income distribution. 

Adam and Eve enjoyed, before they 
were expelled from Paradise, a high 
standard of living without working. Af- 
ter their expulsion they and their succes- 
sors were condemned to eke out a miser- 
able existence, working from dawn to 
dusk. The history of technological prog- 
ress over the past 200 years is essentially 
the story of the human species working 
its way slowly and steadily back into 
Paradise. What would happen, however, 
if we suddenly found ourselves in it? 
With all goods and services provided 
without work, no one would be gainful- 
ly employed. Being unemployed means 
receiving no wages. As a result until 
appropriate new income policies were 
formulated to fit the changed technolog- 
ical conditions everyone would starve 
in Paradise. 

The income policies I have in mind do 
not turn simply on an increase in the 
legally fixed minimum wage or in the 
hourly wage or other benefits negotiated 
by the usual collective bargaining be- 
tween trade unions and employers. In 
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Lancia. Six times world Champion 
in the last decade. The Stratos 
conquered the Rally World 
Championship four tumes, and the 
Montecarlo Turbo has turce taken 
the World Championship of Makes. 
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develop its advanced technology under 
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1s no hollow boast. 
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the long run increases in the direct and 
indirect hourty labor cests weuld be 
bound to accelerate laborsaving mecha- 
nization. This, incidentally, is the ex- 
plicitly stated explanation of the wage 
policies currently pursued by the benev- 
olently authoritarian government of 
Singapore. It encourages a rapid rise 
in real wages in order to induce free 
domestic enterprise to upgrade the al- 
ready remarkably efficient production 
facilities of this city-state. It is perhaps 
needless to add that these policies are 
accompanied by strict control of immi- 
gration and encouragement of birth 
control. 


We I have in mind is a complex of 
social and economic measures to 
supplement by transfer from other in- 
come shares the income received by 
blue- and white-collar workers from the 
sale of their services on the labor mar- 
ket. A striking example of an income 
transfer of this kind attained automati- 
cally without government intervention 
is there to be studied in the long-run ef- 
fects of the mechanization of agricul- 
ture on the mode of operation and the 
income of, say, a prosperous Iowa farm. 
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Half a century ago the tarmer and the 
members of his family worked from 
early morning until late at night assisted 
by a team of horses, possibly a tractor 
and a standard set of simple agricultural 
implements. Their income consisted of 
what essentially amounted to wages for 
a 75- or 80-hour work week, supple- 
mented by a small profit on their modest 
investment. 

Today the farm is fully mechanized 
and even has some sophisticated elec- 
tronic equipment. The average work 
week is much shorter, and from time to 
time the family can take a real vacation. 
Their total wage income, if one com- 
putes it at the going hourly rate for a 
much smaller number of manual-la- 
bor hours, is probably not much high- 
er than it was 50 years ago and may 
even be lower. Their standard of living, 
however, is certainly much higher: the 
shrinkage of their wage income is more 
than fully offset by the income earned 
on their massive capital investment in 
the rapidly changing technology of agri- 
culture. The shift from the old income 
structure to the new one was smooth and 
practically painless. It involved no more 
than a simple bookkeeping transaction 
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because now, as 50 years ago, both the 
wage income and the capital income are 
earned by the same family. 

The effect of technological progress 
on manufacturing and other nonagricul- 
tural sectors of the economy is essential- 
ly the same as it is on agriculture. So also 
should be its repercussions with respect 
to the shortening of the work day and 
the allocation of income. Because of dif- 
ferences in the institutional setup, how- 
ever, those repercussions cannot be ex- 
pected to work through the system auto- 
matically. That must be brought about 
by carefully designed income policies. 
The accommodation of existing institu- 
tions to the demands and to the effects of 
laborsaving mechanization will not be 
easy. The setting aside of the Puritan 
“work ethic,” to which Max Weber so 
convincingly ascribed the success of ear- 
ly industrial society, is bound to prove 
even more difficult and long drawn out. 
In popular and political discourse on 
employment, full employment and un- 
employment, with its emphasis on the 
provision of incomes rather than the 
production of goods, it can be seen that 
the revision of values has already begun. 

The evolution of institutions is un- 
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PERSONAL INCOME PER CAPITA in the U.S., plotted here in 
constant 1972 dollars, has more than doubled since 1929. The change 
in_percentage shares of income accruing from property, transfer pay- 
ments and labor (or to people receiving such income) reflects the 
evolution of the values and institutions of American society. The 
curves show that income from property has declined from about 40 
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percent to not much more than 15 percent of total personal income. 
Some of that decline reflects the exchange of profit and interest from 
small businesses (notably in trade and distribution and the services) 
for wages in large business enterprises (income from labor). It also 
reflects increased retention of earnings in corporations and increased 
financing of investment by such deflection of savings from person- 




























der way as well. In the structure of the 
tax system and through Social Security, 
medical insurance, unemployment ben- 
efits and welfare payments the country 
is finding its way toward necessary in- 
come policies. A desirable near-term 
step is to reduce the contrast between 
those who are fully employed and 
those who are out of work. This is the 
effect of the widespread European prac- | fF s 
tice of paying supplemental benefits to | Fie Sy are gt eA 
those who work fewer than the normal eS 2 Te: - — 
number of hours per week. In the long 
run, responding to the incipient threat 
of technological unemployment, pub- 
lic policy should aim at securing equi- 
table distribution of work and income, 
taking care not to obstruct technologi- 
cal progress even indirectly. 
Implementation of such policy calls 
for close and systematic cooperation be- 
tween management and labor carried on 
with government support. Large-scale 
financial transfers inevitably generate 
inflationary pressure. The inflation that 
dogs all the market economies, some 
more than others, does not arise from 
mere technical economic causes but 
is the symptom of deep-seated social 
problems. In this country it is basically 
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al income. Income from labor has increased 
from about 60 percent of the total to about 
70 percent. Income from transfer payments 
(Social Security, medical benefits, unemploy- 
ment compensation and so on) was negligible 
in 1929 but now is about 15 percent of total. 
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the incessant wrangling between man- 
agement and labor that keeps the cost- 
price spiral climbing. 

West Germany, a country celebrated 
for its successful stabilization policies, is 
touted also as an example of the unregu- 
lated enterprise economy. In reality the 
success of the Schmidt government’s 
anti-inflation measures rests on the firm 
foundation of institutionalized labor- 
capital cooperation in the management 
of German industry. The “‘codetermina- 
tion” law requires that half of the board 
of directors of each large corporation be 
elected by labor, with the stockholders 
represented by the other half. Among 
the labor members some are “outside” 
directors representing the national trade 
unions. Since wage and employment 
questions constitute only one problem 
in the broad range of problems on the 
agenda of these boards, their delibera- 
tions bring employers and employees 
into working contact at the grass roots 
of German industry. That relationship 
cannot but be of crucial importance in 
determining the nature of agreements 
reached in collective bargaining con- 
ducted between the parties at the na- 
tional level. 

Austria is another country that has 
up to now successfully resisted inflation- 
ary pressure. Relations between man- 
agement and labor are mediated by in- 
stitutional arrangements very similar 
to those in Germany. The government 
plays a larger and more active role in the 
national across-the-board wage negotia- 
tions. It does so by contributing projec- 


tions, drawn from the input-output data 
bank of the country’s bookkeeping sys- 
tem, that link decisions affecting the in- 
dustry in question to the situation of the 
country as a whole. This approach was 
employed, for example, to model and 
project the impact of the new text-proc- 
essing and printing technologies on the 
Austrian newspaper industry. That tech- 
nological revolution, the occasion for 
months-long disputes and work stop- 
pages in Britain, the U.S. and other 
countries, was carried out smoothly 
and expeditiously in Austria by close 
cooperation between management and 
labor in accordance with detailed plans 
developed by the government. Until 
1980, when the tidal wave of the sec- 
ond oil crisis, reinforced by the reces- 
sion in the U.S. economy, reached Aus- 
tria, the annual rate of inflation had 
been held below 4 percent and unem- 
ployment below 2 percent. 

Although current business publica- 
tions, trade papers and the popular press 
abound with articles about “automa- 
tion” and “robotics” and speculation on 
the economic impact of these develop- 
ments, only the governmental and scien- 
tific agencies of Austria have produced 
a systematic assessment of the prospec- 
tive consequences of the present revo- 
lution in laborsaving technology in a 
modern industrial economy and soci- 
ety. That study, conducted for the gov- 
ernment by the Austrian Academy of 
Sciences and the Austrian Institute 
for Economic Research, employed the 
country’s input-output data bank to con- 


INPUT-OUTPUT STRUCTURE of a rudimentary model economy is employed here to dem- 
onstrate the application of input-ouput analysis to assessment of the impact of mechanization 
on employment in an economic system. The two sets of three input-ouput tables show the sys- 
tem before mechanization (left) and afterward (right). For simplicity the model economy is 
disaggregated into two producing sectors, “Extractive” and “Manufacturing,” and a “House- 
holds” sector that supplies labor and capital to the producing sectors; a real economy would be 
disaggregated into as many sectors as the data allow. The “Input-output coefficient” tables at 
the top of each set display the ratios of the inputs entered in the column for any sector in the ta- 
bles of “Inputs and outputs in physical units,” second from the top, to the total output entered 
at the end of the row for that sector in those tables. Thus the input-ouput coefficient table be- 
fore mechanization, at the left, shows that the production of each ton of output from the manu- 
facturing sector requires the input of .40 bushel from the extractive sector and .12 ton of its 
own product plus 2.80 hours of labor and .80 ton of capital stock (consisting of manufactured 
goods) provided by the households sector. Such coefficients may be derived from the record of 
actual transactions or from engineering data and other data and may be used to generate a new 
commodity flow table satisfying a different set of input demands in the households column. 
With prices at $2 per bushel, $5 per ton and $1 per hour and a return on capital at 20 percent of 
the value of the capital stock (physical units times price), the columns and rows in the “Inputs 
and outputs in dollar value” table, at the bottom left, can now be added and shown to balance: 
the value of the inputs equals the value of the outputs. The households row and column can be 
considered as being outside the interindustry matrix: the entries in its row correspond to the 
value-added of each industry; the entries in its column correspond to deliveries of each indus- 
trial sector to final demand. The equal totals of the households row and column correspond to 
the gross national product on the production and consumption sides respectively: $260 in the 
table at the left. In the tables at the right aggressive investment in laborsaving mechanization is 
assumed. Substantial increase in the coefficients for capital stock in both the extractive and 
the manufacturing sectors is reflected in increase in total capital stock from 50 tons to 235 tons 
in the physical units of the middle table. The consequent reduction in labor coefficients is re- 
flected in the reduction of the labor input from 210 hours to 130. In spite of the increase in the 
price of extractive outputs to $3 per bushel, owing to increasing resource scarcities, the more ef- 
ficient model economy now produces manufacturing outputs at the reduced price of $4 per 
ton and raises its gross national product to $291. With reduced employment, however, labor 
income falls from $210 to $130. The maintenance of consumption would therefore require 
deflection of income within the households sector from return on capital to labor income 
and income transfers, as in the real U.S. economy (see illustration on pages 158 and 159). 
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IMPACT OF MECHANIZATION ON JOBS in Austria is project- 
ed, industry by industry, from estimates made by engineers and other 
experts for an input-output study of the effects of mechanization on 
the Austrian economy (see illustration on page 164). The first column, 
under both the blue-collar and the white-collar headings, shows the 
percentage of jobs potentially affected by technology demonstrated 
as of 1980 although not yet installed on the production line or in the 
office; the second column shows the percentage of reduction of labor 
input in those functions potentially affected by such new technology; 
the third column shows the estimated percentage of jobs that would 
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be displaced by 1990 if there were full application of the technology, 
and the fourth column shows the prospective percentage reduction in 
employment in 1990 that is the resultant of the other three percent- 
ages. Note the large percentage of blue-collar jobs potentially affect- 
ed compared with the almost invariably small number of white-collar 
jobs affected, and the larger (in most cases) prospective reduction of 
labor input in blue-collar production functions compared with the 
uniform 50 percent reduction in white-collar office functions expect- 
ed to result from the application of essentially the same technolo- 
gy to clerical and stenographic jobs in all industries and services. 


struct a model of the Austrian economy 
as of 1976. The model was then used to 
develop, in the words of Hertha Firn- 
berg, the minister for science, in her in- 
troduction to the report of the study [see 
“Bibliography,” page 178], “instead of 
unconditional prognostications—of ei- 
ther jubilation or horror—projections in 
the form of alternative scenarios... to 
analyze in quantitative terms the com- 
bined effects of economic, social and ed- 
ucational policy measures.” 


iB input-output analysis the interindus- 
try transactions that go into the pro- 
duction of the output of an economic 
system are arrayed in a matrix, with the 
outputs of each industrial sector dis- 
played along its row and the inputs it 
draws from other industries in its col- 
umn. The ratio of each input to the 
output of the sector—the input-output 
coefficient—reflects the technological 
requirement for that input which, al- 
though it is usually expressed in mon- 
etary value, is best visualized in the 
physical units appropriate to it, wheth- 
er tons, bushels, barrels, kilowatts or 
man-hours [see illustration on page 160]. 
The entire column of input-output co- 
efficients therefore presents the recipe 
of inputs required by the prevailing 
state of the technology involved in the 
production of that industry’s product. 
At the foot of the column the human in- 
put is specified by the different kinds of 
labor supplied by the household sector. 

For the Austrian study new sets of 
input-output coefficients had to be con- 
structed reflecting changes in the input 
structure of all sectors of the econo- 
my prospectively dictated by the adop- 
tion of new laborsaving technology. In 
the simulation runs the effects of these 
changes could be gauged by comparison 
with the figures derived from actual in- 
terindustry transactions for 1976. Infor- 
mation for construction of the new coef- 
ficients was procured by comprehensive 
questionnaires circulated to technolo- 
gists in each field and interviews with 
responsible technical directors of major 
industrial and service enterprises. 

With all these data installed in the 
model, five alternative projections were 
run, describing in great detail the pro- 
spective state of the Austrian economy 
in the years 1985 and 1990. The sets of 
assumptions governing the projections 
differ from one another with respect 
to the rate of adoption of laborsaving 
technology, the extent of reliance on do- 
mestic as opposed to foreign suppliers 
of the new equipment, the more or less 
optimistic appraisal of the state of the 
world economy and last but not least the 
length of the work week for its effect on 
the distribution of employment among 
different sectors and the rate of unem- 
ployment. 

Out of the wealth of thought-provok- 
ing indications for the future to be found 
by close inspection of the several projec- 
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tions, it suffices for the purposes of the 
present discussion to cite just a few. The 
projections that carry the present state- 
of-the-art laborsaving technology into 
full application everywhere in the Aus- 
trian economy by 1990 lead in all cases 
to the largest increase in gross domestic 
product—but also to the highest levels 
of unemployment, to unemployment of 
10 percent, a level not experienced in 


Austria since the dark days of the - 


1930’s. With curtailment in the length of 
the work week at the maximum degree 
of mechanization, the direction of both 
the positive and the negative changes re- 
mains the same but their absolute mag- 
nitudes are reduced. Unemployment in 
this case comes closer to the civilized 
Austrian experience of 2 percent. 

No comparable study has yet been 
completed for the U.S. economy. Fis- 
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cal starvation of the Federal statisti- 
cal agencies has them currently sorting 
out interindustry-transactions data for 
1977, with publication scheduled for 
not sooner than 1984. The Austrian 
study presents the best model available 
for projection of conditions in the U.S. 
of 1990. The Austrian economy is a 
mere 3 percent the size of the U.S. econ- 
omy, but it too is highly industrialized 
and diversified. With some stretch of the 
imagination the Austrian projection of a 
high degree of mechanization supported 
by rapid expansion of domestic manu- 
facture of all kinds of electronic prod- 
ucts can be interpreted as indicating 
the structural changes the U.S. econ- 
omy is likely to undergo in the next 10 
or 15 years. 

The time span covered by these pro- 
jections is short. Moreover, they reck- 
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1,180 


on with the consequences of the ap- 
plication of the state of the art of mecha- 
nization only as of 1980 at the latest, a 
state soon to be made obsolete by rapid 
advance in all the relevant technologies. 
These figures nonetheless throw some 
light on the quantitative dimensions 
of the profound challenge that an ad- 
vanced industrial society must now be- 
gin to face under the impact of the con- 
tinuing Industrial Revolution. History, 
even recent history, shows that societies 
have responded to such challenge with 
revision of their economic institutions 
and values conducive to the efficient use 
of changing technology and to securing 
its advantages for popular well-being. 
History shows also societies that have 
failed to respond and have succumbed 
to economic stagnation and increasing 
social disorder. 


SHORTENED WORK WEEK 


i 
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MECHANIZATION 


1,148 
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IMPACT OF MECHANIZATION ON ECONOMY of Austria in 


1990 was projected in constant 1976 Austrian schillings by computer 
runs of a numerical matrix model of the input-output structure (see 
illustration on page 160) of the economy. The computer runs explored 
different sets of assumptions incorporated in the model to produce 
these columns of figures comparing the resultant differences in essen- 
tial features of the system. The column at the far left shows the actual 
state of the economy in 1976. Under “Unchanged work week” the 
first column shows the economy projected to 1990 on the assump- 
tion of no change in the degree of mechanization already attained 
in 1976; the second column shows the economy projected on the as- 
sumption that mechanization employing technology demonstrated 
at the time of the study (1980) and embodied in largely imported 
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1,254 1,376 


page 162. Under “Shortened work week” the three columns from left 
to right show projections on the assumption (1) of no change 
from the 1976 state of mechanization, (2) of partial mechanization, 
that is, the realization (again with largely imported equipment) of 50 
percent of the job impact displayed in the table on page 162 and (3) 
of full mechanization with equipment largely produced within the 
economy. Inspection shows that full mechanization with the work 
week unchanged yields the largest gross national product in 1990 (al- 
though only 10 million schillings larger than the projection based on 
1976 mechanization), but it also causes the largest increase in un- 
employment. Shortening of the work week reduces the unemploy- 
ment level in 1990 to around 2 percent even with full mechanization. 
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The millimeter-wave seeker for the Wasp air-to-ground missile, the first ever to 
find and track military targets all by itself, achieves its breakthrough by 


using advanced subminiature hardware and innovative application of the data it 
gathers. Wasp is intended to let a pilot release swarms of missiles in the 
general direction of a known enemy force without having ever actually seen it. 
Special data-processing techniques allow each missile to autonomously detect and 
hit a separate target, thus making the most of the swarm's effectiveness. 

Hughes is building eight flight test missiles for the U.S. Air Force. 


A new infrared radiation source has been developed at Hughes using a standard 


polysilicon gate MOS process. The thermal IR source is intended for use inside 
a dewar without optical windows for testing monolithic focal plane arrays at 
temperatures as low as 4°K. It illuminates at wavelengths from 4 to 6 milli- 
meters with pulse rise and fall times of 1 microsecond. fhe source is a tiny, 
heavily-doped silicon resistor isolated from a thermally sunk silicon substrate 
by 400 nanometers of silicon dioxide. The resistor can be heated electrically 
to 50°K with about 100 milliwatts of power. A sapphire filter absorbs wave- 
lengths longer than 6 micrometers; the source is not hot enough to produce many 
photons with wavelengths shorter than 4 micrometers. 


Computer-aided manufacturing is improving productivity in the electronics 


business, sometimes by as much as a factor of 10 or more. Computers help do 
production planning efficiently by retrieving proven techniques and testing new 
Situations through simulation. By controlling fabrication, process, and assem- 
bly operations, computers assure that each operation will be done right the 
first time. Such control also permits small runs to be handled with efficiency 
approaching that of a single-setup run. Hughes is spending $240 million over 
five years on computer-aided manufacturing. This capital investment is part of 
a $1.5 billion program for expansion and modernization to improve productivity. 


"Diversification" characterizes Hughes Industrial Electronics Group, located in 


the Southern California communities of Carlsbad, Irvine, Newport Beach, Sylmar, 
and Torrance. Our facilities are like small companies with 500 to 2,000 employ- 
ees, but each offers the resources and benefits of a $2 billion company. Our 
diverse technologies include silicon and GaAs semiconductor technologies, fiber 
optics, microwave and millimeter-wave communications, microprocessors, lasers, 
and solar cells. Send resume to B.E. Price, Hughes Industrial Electronics 
Group, Dept. SE, P.0. Box 2999, Torrance, CA 90509. Equal opportunity employer. 
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When ditterent powders are shaken, 


they seem to have lives of their own 


by Jearl Walker 


ixing a brown powder (Nestea) 
M and an orange one (Tang) in 
order to prepare a drink called 
Russian tea, Geoffrey Bate of the Ver- 
batim Corporation in Sunnyvale, Calif., 
noticed something strange. Although 
he shook the powders vigorously, they 
would not mix uniformly. Islands of 
orange persisted in the pool of brown. 
Why so? One answer that comes to mind 
is that an electrostatic separation arises 
because the grains of powder acquire a 
charge when they are shaken. Another 
answer is that the grains of one powder 
may be slightly smaller than the grains 
of the other so that they tend to settle 
differently. 

Bate took the matter up with A. D. 
Moore of the University of Michigan, 
who among other things is an expert on 
electrostatics. He said that any electric 
charge created by the shaking would be 
too weak to separate such large aggrega- 
tions of powder. Moreover, an electro- 
static separation would be unlikely to 
form neat piles. Moore concluded that 
the separation must arise because of a 
difference in the mechanical properties 
of the grains. 

Putting the powders in a clear beaker, 
which enabled me to see what was hap- 
pening at the bottom surface as well as 
the top one, I did a bit of exploring. With 
about half a centimeter of Nestea in 
the beaker I began adding teaspoons of 
Tang. The Tang remained on top of the 
Nestea until I gently shook the beaker. 
With each shake a certain amount of 
Tang sank into the Nestea. If there was 
only a little Tang, it soon disappeared. 
When the amount of Tang began to 
build up, each shake sank some of the 
freshly added powder and also exposed 
islands of what I had put in earlier. 

Through the bottom of the beaker I 
could see the size of the orange area in- 
crease as I shook in more Tang. Appar- 
ently the powder was migrating to the 
bottom of the beaker. If I shook the 
beaker vigorously or even just tilted it 
a bit, pockets of the sunken Tang were 
exposed on the top surface. Since the 
grains of Tang were noticeably smaller 
than the grains of Nestea, it seemed 
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evident that shaking made individual 
grains of Tang gradually fall between 
grains of Nestea. 

As a further test I poured everything 
into a mortar and ground the mixture to 
a more uniform grain size with a pestle. 
Returning the powders to the beaker 
and shaking it, I found no islands of col- 
or. The powders mixed evenly because 
the grains were fairly uniform in size. 

To make sure that the islands in the 
original mixture did not result from 
some peculiarity in my method of shak- 
ing I rigged an audio oscillator to drive a 
loudspeaker that would shake the pow- 
ders in a consistent way. The signal from 
the oscillator was fed through an ampli- 
fier and then to the speaker, which was 
on a table and pointed upward. To the 
top of the speaker I firmly taped the bot- 
tom half of a metal container made to 
hold motion-picture film. I poured in a 
small pile of Nestea and over it a layer 
of Tang. With the oscillator generating a 
sinusoidal signal at a frequency of 64 
hertz I gradually increased the ampli- 
tude of the amplifier until the powder 
began to move. The Tang almost imme- 
diately sank into the Nestea. 

Grains isolated from the main pile vi- 
brated vigorously and gradually moved 
to the rim of the container, where the 
vibration set up by the speaker was at a 
minimum. This motion was easy to un- 
derstand. The vertical oscillations of the 
container tossed the grains upward and 
slightly to the side. Eventually the cen- 
ter of the plate, where the oscillation 
was at its most vigorous, had tossed 
away all its grains. They naturally col- 
lected in the area where the oscillation 
was weakest. 

When the entire plate was vibrating 
only feebly, the pile of powder barely 
moved. With a somewhat stronger vi- 
bration it began to migrate as a body 
toward the rim. At the maximum vibra- 
tion the pile disintegrated into individu- 
al grains that migrated to the rim. 

The tendency of the pile to migrate 
intact when the vibration was of medi- 
um intensity surprised me until I real- 
ized the weight of the pile reduced the 
vibration in that area. Instead of be- 


ing shaken into individual grains the 
pile was lifted as a whole. The greater 
strength of the vibration near the cen- 
ter of the container gradually moved 
the pile toward the rim. 

My arrangement for making the pow- 
ders vibrate is based on a classic demon- 
stration first given by Ernst F. F. Chlad- 
ni in 1787. He showed that when a flat 
plate vibrates, grains of sand sprinkled 
on it gradually collect at nodes, that is, 
places with little or no vibration. The 
patterns, which are now called Chladni 
patterns, reveal the vibrational charac- 
teristics of the plate by marking the © 
nodes. The absence of sand (or powder) 
shows the antinodes, where the vibra- © 
tion is strongest. 

When Chladni replaced his sand with 
a finer material such as lycopodium 
powder, he discovered that vibration 
moved the powder to the antinodes. If 
he put both sand and lycopodium pow- 
der on the plate and set up vibrations, 
the sand went one way and the powder 
went the other. Why do large grains shift 
to the nodes and smaller ones to the anti- 
nodes? The classic explanation is that 
gentle currents of air above the vibrat- 
ing plate catch the fine powder once it is 
airborne and gradually carry it to the 
antinodes. I shall return to this point. 

When I went on to see how Nestea and 
Tang compared with sand on my vibrat- 
ing-plate apparatus, I encountered sev- 
eral oddities. The first appeared when I 
poured a pile of Tang on the plate in 
order to examine how it was affected by 
changes in the amplitude of vibration. 
As I turned up the amplitude the pile 
suddenly pulled in at the base and rose 
at the top. Individual grains came loose 
from the top and rolled down the sides. 
It looked to me as though they reentered 
the pile at the bottom. 

I was astounded. An inert pile of or- 
ange powder had become animated. The 
Tang was circulating, apparently mov- 
ing along the bottom of the pile toward 
the center, then rising to the top and fi- 
nally rolling down the sides to begin the 
circuit again. 

To follow the internal circulation I 
added a bit of purple Tang as a tracer. 
Piling the purple powder at the center 
of the plate and covering the pile with 
a larger amount of orange powder, I 
turned up the vibrational amplitude past 
the point at which internal circulation 
could be expected. Soon purple grains 
began to emerge from the top of the pile, 
near the center; they rolled down the 
sides of the pile and slowly disappeared 
into the base. 

Trying lycopodium powder on my ap- 
paratus (baking powder would do), I 
again found a threshold above which the 
pile began to shrink at the base and rise 
at the center. The internal circulation 
looked livelier than it had with Tang. I 
tested the circulation by burying a few 
grains of purple Tang near the top of the 
pile. Again they worked their way to the 





top of the pile and fell down the sides. 
If I made a pile of lycopodium pow- 
der vibrate mildly, patterns appeared 
on top of it. Complex waves formed 
there and moved down the pile. They 
appeared to be moving slower than 
the individual grains that rolled down 
the sides. Sometimes I could make out 
what happened as a ridge went down 
the sides. Falling powder built up the 
ridge until it was too heavy for the 
powder lower down the slope to support 
it. Then the lower powder slid down 
en masse for a short distance, like an 
avalanche, and the ridge was reinstated 
there. This sequence continued until the 
ridge reached the base of the pile. 
Occasionally I was able to create sta- 
tionary patterns on the pile. Lines run- 
ning from the top to the base appeared 


to be formed of powder constantly slid- 
ing down. Between them were depressed 
areas where little movement of pow- 
der was visible. Sometimes individual 
waves traveled up the sides of the pile. 
This remarkable motion depended on 
careful adjustment of the vibrational 
amplitude. A slight increase beyond that 
level of vibration sent waves of small 
avalanches down the sides. 

I touched the top of a circulating pile 
of lycopodium powder lightly with the 
edge of a spoon. Little vibration could 
be felt, which suggested that the pile 
was loosely structured close to the top. 
With a pile of Tang I felt considerably 
more vibration. The pile was much 
firmer to the touch but was still loosely 
structured near the top. 

Working again with Tang on top of 


Nestea, I found that vibration made the 
former sink into the latter, but I also saw 
that the internal circulation soon caused 
grains of Nestea to emerge from the 
top of the pile. The larger grains usu- 
ally shook erratically and then fell a 
slight distance down the sides, where the 
process was repeated. The large grains 
that reached the base became separated 
from the pile; only the finer ones could 
reenter. Since the grains of Nestea were 
typically larger than the grains of Tang, 
a slight segregation of the powders de- 
veloped at the base of the pile. 

I tried blowing gently down on the 
powder, thinking it would spread out 
uniformly toward the rim of the con- 
tainer. Instead I saw a bare region in the 
center and then bands of color: orange 
and then a separate brown ring that 





Islands of Tang in a pool of Nestea 
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Physician, did you miss any of these 
significant developments in medical science 


° Campylobacter fetus subsp. jejuni is 
associated with a colitis that can clini- 
cally and sigmoidoscopically resemble 
acute idiopathic ulcerative colitis. Stool 
cultures are in order for C. fetus before 
beginning nonspecific anti-inflamma- 
tory therapy. 


* Coumarin derivatives cross the pla- 
centa. A recent study shows that the 
consequences for the fetus can be se- 
vere. These include embryopathy, still- 
birth, and premature delivery. 


° Nonsteroidal anti-inflammatory 
drugs may produce a marked reduction 
in glomerular filtration rate; with ter- 
mination of the drug, GFR returns to 
normal. 


° The first documented incident of in- 
digenous transmission of dengue in the 
continental United States since 1945 
has been reported in Brownsville, 
Texas. 


be a prodigiously energetic or pro- 

digiously lucky reader. With 2,000 
or more journals published each year, 
information that significantly affects pa- 
tient management all too easily slips by. 
Textbooks are out-of-date before they 
are published. 


| F THESE ITEMS are familiar you must 


Left Coronary Artery 










Right Coronary Artery< 


His Bundle 


Posterior 
Fascicle 


Right 
Bundle Branch 


Branches of the right and left coronary 
arteries supply blood to the A-V node and 
intraventricular conduction system. 


SCIENTIFIC AMERICAN Medicine is lucidly il- 
lustrated with drawings and photographs. 
Some examples are seen here and on the 
facing page. 


SCIENTIFIC AMERICAN Medicine is the 
busy clinician’s answer to this problem. 

Because its authors update SCIENTIFIC 
AMERICAN Medicine every month, it is al- 
ways current. Because the new informa- 
tion appears in a single source, it is there 
when you need it. 

This 2,500-page, innovative union of 
publishing and electronic technology is 
the work of leading scholar-practi- 
tioners from Harvard and Stanford. 
The editors are Edward Rubenstein, 
M.D., EA.C.P., and Daniel Federman, 
M.D., FA.C.P. 

Each month as authors update their 
contributions, revisions are entered on 
the magnetic tape on which the text and 
index are stored. The tape drives high- 
speed phototypesetting equipment so 
that subscribers receive about eight new 
chapters and a new index every four 
weeks; a bulletin highlights new devel- 
opments. 


New material replaces old material in 
the living text, so that the information is 
there — up-to-date, at your fingertips. 

A CME program of eight patient man- 
agement problems offered over a 12- 
month period is available at no extra 
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Saking powder 










An arrangement for delivering a consistent vibrational force to two powders 


seemed to be slightly higher. Apparent- 
ly the particles of Nestea were being 
bounced higher than the particles of 

Tang, and my breath carried them far- 

ther from the center. 

_ With powder spread fairly uniformly 
in the container I stepped up the level of 
vibration, largely just to see the grains 
dance. To my surprise I reached a 
threshold where small mounds of fine 
powder rose and began migrating on the 
plate like amoebas, often fusing when 
they met and occasionally fissioning. At 
a slightly lower level of vibration they 
dropped in place; only the larger grains 
kept bouncing. 

I tried the same thing with lycopo- 
dium powder and found that many 
mounds developed. Apparently this is 
the response of fine powder to intense 
vibration. The mounds were soft to the 
touch of a spoon, indicating that they 
were not solid. 

One surprise was still to come. Want- 
ing to see if a barrier on the bottom of 
the container would alter the flow of 
powder, I made a hill with modeling 
clay. I had to clean the metal thoroughly 
to make sure that the clay would stick to 
it when the vibrations began. The hill 
was about one and a half centimeters 
high and roughly symmetrical; it stood 
at the center of the plate. 

I distributed lycopodium powder 
around the hill and turned up the vibra- 


tion to the amplitude that made the 
powder begin to shake. As before the 
layers of powder shrank at the base and 
rose in height. They also began climbing 
the hill. By increasing the vibrational 
level more I could make the powder 
climb to the top of the hill. I could hard- 
ly believe my eyes. 

Soon so much powder had reached 
the top that it fell down one side and 
pooled at the base. It then circulated 
around the base and eventually began 
to climb again. Sometimes a notably 
wide stream climbed on one side and 
descended on another in a continuous 
flow. Powder routinely climbed slopes 
of 45 degrees and occasionally went up 
even steeper ones. 

Is this phenomenon caused by cur- 
rents of air set up by the vibrating plate 
and clay? Apparently not. I held the 
edge of a table knife above a moving 
stream to block any air current. The 
knife had no effect unless it actually 
touched the vibrating particles in the 
stream. 

The powder climbs well at oscilla- 
tion frequencies below 100 hertz; 60 or 
thereabouts is best. As I increased the 
amplitude of the vibration I could see 
the pile of powder at the base of the hill 
lift up. A dark line seemed to be visible 
between the powder and the clay, but it 
was an illusion resulting from the fact 
that both powder and clay were oscillat- 


ing in and out of that region. At the up- 
per end of a climbing stream powder 
was being thrown upward on the slope 
until enough had accumulated to start a 
downward avalanche. 

Perhaps the powder climbed the hill 
only because the vibrations tended to 
move it toward the center of the plate. 
To check this possibility I reshaped the 
clay into two hills adjacent to the center 
of the container. Powder placed in the 
valley between them moved away from 
the center and up each hill. 

Next I made a ring of clay surround- © 
ing a valley at the center of the plate. I 
put a mixture of Nestea, Tang and lyco- 
podium powder in the valley. When I 
increased the vibration until the lycopo- 
dium began to move, it mounted the 
ridge while the other powders stayed in 
the valley. I had supposed that if the 
lycopodium could climb hills, the other 
powders could too at a sufficient ampli- 
tude of vibration. 

I believe the key difference in the 
climbing properties of the powders is 
that lycopodium powder is notably co- 
hesive. The mechanism of climbing ap- 
pears to be that an upward movement of 
the vibrating clay throws a few grains at 
a given spot slightly up the incline. More 
precisely, the clay surface moves up- 
ward, pushing against the layer of pow- 
der lying on it and expanding the pow- 
der into a less dense concentration. In 
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this condition the layer of powder clos- 
est to the surface can slip upward along 
the bottom of the layer to which it 
would normally cohere. When the clay 
descends in the second phase of a vi- 
brational cycle, the rest of the pool of 
powder falls back on it. The action is re- 
peated with each cycle, a fresh slippage 
layer being tossed up the slope by each 
upward vibration. Eventually some of 
the material tossed upward slides back 
down over the top of the stream, reaches 
the lower end and is carried back under 
the stream. Even in a stream that is 
standing on a slope too steep to climb, | 
material is always circulating up the 
slope along the bottom of the stream 
and down along the top. 

The climbing of a slope depends crit- 
ically on the adhesion to the surface of 
the grains that are tossed uphill. Cohe- 
sion is another important factor. As ad- 
ditional powder is tossed up to a section © 
of the slope already holding grains from 
an earlier toss some of the fresh powder 
remains in place because it adheres to 
the clay and coheres with other grains. 
Tang and Nestea do not climb because 
they do not have enough adhesion and 
cohesion. If I ground one of them into a 
finer powder, it did climb slopes. 

I could make a large grain climb a hill 
of lycopodium powder. At a mild lev- 
el of vibration a grain of purple Tang 
moved up the slope in a series of hops. 
After each hop it returned to the lycopo- 
dium, making a small crater that held it 
until the next hop. 

This last set of observations provided 
the key that enabled me to understand 
why individual grains in an oscillating 
pile move toward the center rather than 
in some other direction. The entire pile 
is tossed upward simultaneously and 
uniformly by a vibrating plate. The den- 
sity of concentration of the grains de- 
creases, becoming least at the surface 
and greatest at the bottom. 

In the bottom illustration at the left a 
broken line marks the imaginary con- 
tour of grains at a particular concentra- 
tion. Above the boundary the concen- 
tration is lower, below the boundary it is 
higher. Consider a grain just above the 
boundary. In an upward movement of 
the plate the grain is tossed slightly up 
the slope of the boundary. In the next 
part of the cycle the grain and the pile 
come down again. One might expect the 
grain to slide down the boundary at least 
as far as it had moved up, but friction 
with other grains moderates the slide. 
The grain therefore achieves a net mo- 
tion up the boundary with each toss. 

Each grain in the pile can be regarded 
as lying on such a boundary. In each 
upward vibration a grain is moved up 
the boundary because the concentration 
of grains is lower above the boundary 
than it is below it. The net movement 
of the material in the pile is therefore 
toward the center and the top. 

After I had worked out this explana- 
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How many times have you stared at the 
pile of reading you must do for work, 
school, or just to keep current and won- 
dered, ‘How will | ever be able to get to the 
bottom of the stack?” Sure, you could 
enroll in one of those ‘speed reading’ 
courses. Some cost as much as $400. But, 
you don’t have the time. . . let alone the 
money. Even courses offered by mail can 
cost over $100. There must be a better way. 


GOOD NEWS 


We went to one of America’s leading 
publishers of self-study educational pro- 
grams and the man who is regarded as one 
of today’s foremost authorities on reading 
and learning. Our instructions were to cre- 
ate a program that would make it easy for 
everyone to learn to read faster, with 
greater understanding. The program he 
developed also had to be economical so 
that it would be within almost everyone’s 
reach. 

After two years of development he finally 
achieved the goal... we call it THE SUPER 
READING SYSTEM. 


WHAT, EXACTLY, IS SUPER READING? 


First, the man who authored this home- 
study program is Russell Stauffer, Ph.D., 
Professor Emeritus at the University of 
Delaware. Dr. Stauffer has authored major 
textbooks and is considered to be one of 
the top researchers on how and why we 
learn. He is one of the few people admitted 
for membership in the Reading Hall of 
Fame. Second, the program is published by 
the same organization that publishes com- 
munication skills programs that are used 
by many of this country’s leading busi- 
nesses, government agencies and profes- 
sional societies. In fact, many of the skills 
taught in THE SUPER READING SYSTEM 
are the very same as those taught in their 
reading programs that sell for three to four 
times the price of SUPER READING. Third, 
there are no gadgets or devices with 
SUPER READING. Authorities agree that 
these do not make you a better reader. 
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System 


A remarkable innovation that 
will launch you on a new way to 
read and think. You will double 
your reading speed and ability to 


- learn and understand more of 


What you will get is a practical program 
that shows you a new way to think. Using a 
comprehensive instruction manual—over 
280 pages—a teacher-on-cassette guiding 
and motivating you through every step of 
the program, you will discover a totally new 
way to read and learn... incredibly fast. 
You will learn how to use your brain more 
efficiently. 


NEW READING 


After completing the course, you will zip 
through all kinds of reading: text books, 
novels, correspondence, reports, technical 
journals, magazines, newspapers. You 
name it, you’ll read it faster... get a heck- 
of-a-lot more out of it and remember what 
you’ve read. The benefits last a lifetime. 
Just like riding a bicycle, the more you use 
the SUPER READING skills the better and 
faster you become. The value of reading 
more efficiently means you will also have 
time for all the other things you have or 
want to do. No longer will you be bogged 
down by poor reading habits. 


WHO CAN BENEFIT FROM 
THE SUPER READING SYSTEM? 


Executives, students, professional people, 
men, women, managers, technicians... 
anyone who reads for career or pleasure 
will benefit from SUPER READING. There’s 
even a special edition for children ages 
10-16. Just think of how much time you 





everything. 


now spend reading. Then consider what 
your life would be like if you could read 
twice as efficiently. 


LISTEN AND LEARN 
AT YOUR OWN PACE 


No matter how slow a reader you are now, 
THE SUPER READING SYSTEM is de- 
signed to get you started on this new way 
to read quickly and painlessly. In just a few 
days you’ll begin to see an improvement. 
The teacher-on-cassette will be your guide 
through this remarkable program. You’|l 
practice on materials you read everyday. 
Your living room becomes your classroom. 
You should complete the course in about 
20-25 hours. But, you set the pace... you 
create your own schedule. Practice at 
home, the office ... wherever or whenever 
it’s convenient. 





College Credits You may obtain college 
credits for successfully completing 
Super Reading. Full details and an 
application form are included with your 
program. 








Continuing Education Units National 
Management Association, the world’s 
largest association of professional man- 
agers, awards 3.0 CEU’s for course com- 
pletion. CEU’s can be applied toward the 
certificate in Management Studies. 
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We’ve said a lot of things in this 
advertisement that may be diffi- 
Cult to believe. So we want you to 
see SUPER READING for yourself. 
Examine it for 15 days. Listen to 
the teacher-on-cassette. Then 
decide. If you feel that SUPER 
READING will not benefit you, 
simply return it for a full, no ques- 
tions asked, refund. You have 
nothing to lose. 


C) YES! Please send me the Super Reading System at $39.95 plus $3 
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tion I discovered that Michael Faraday, 
who is best known for his studies of elec- 
tromagnetism, had published in 1831 a 
similar set of observations with a differ- 
ent explanation. He noticed that lycopo- 
dium powder sprinkled on a vibrating 
plate gathered into small humps show- 
ing an internal circulation. His explana- 
tion focused on the flow of air set up by 
the motion of the plate. 

According to this view, an upward vi- 
bration lifts the pile and allows air to 
flow under the base of it, bringing in 
fresh powder from the perimeter. The 
amount of material in the pile therefore 
grows. If air flows under the lifted pile, 


however, it surely must flow out again as 
the pile comes down. The model also 
fails to explain the movement that I ob- 
served with tracers (upward in the pile, 
out at the top and then down a side). 
Why is a vibrational frequency of 
about 60 hertz optimal for internal cir- 
culation? The answer is found in work 
done by R. A. Bagnold, a British pe- 
troleum engineer, on the movement of 
grains. If the plate vibrates too frequent- 
ly, the lifted pile never gets fully back 
down before the next vibration. Instead 
it remains more or less stationary in the 
air while the plate beats on its bottom 
surface. On the other hand, the vibra- 


tional frequency must be high enough to 
set the grains in motion. 


[° April I described certain entoptic 
phenomena, meaning things that are 
seen even though they originate within 
the eye. I said the “floaters” included 
among the phenomena are due entirely 
to blood cells released by the retina. Sev- 
eral people who are professionals con- 
cerned with vision have written to say 
that although floaters occasionally orig- 
inate with blood cells, they are more of- 
ten bits of the vitreous humor that have 
come loose and are floating in the wa- 
tery layer in front of the fovea. 





Lycopodium powder climbing a hill of modeling clay that is being vibrated 
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IMPLEMENTING CIM. George H. Schaf- 
fer in American Machinist, Vol. 125, 
No. 8, pages 151-174; August, 1981. 


THE MECHANIZATION 
OF COMMERCE 


SWEEPING CHANGES IN DISTRIBUTION. 
James L. Heskett in Harvard Business 
Review, Vol. 51, No. 2, pages 123- 
132; March-April, 1973. 

THE CONSEQUENCES OF ELECTRONIC 
FUNDS TRANSFER: A TECHNOLOGY As- 
SESSMENT OF MOVEMENT TOWARD A 
Less CASH/LESS CHECK SOCIETY. Ar- 
thur D. Little, Inc. Report prepared 
for the National Science Foundation, 
Research Applied to National Needs 
(RANN), U.S. Government Printing 
Office, 1975. 

THE RELATIONSHIP BETWEEN MARKET 
STRUCTURE AND THE INNOVATION 
Process. Gordon Raisbeck and Mark 
Schupack. Prepared by Arthur D. Lit- 
tle, Inc., for the American Telephone 
and Telegraph Company, 1976. 

THE WIRED SOCIETY. James Martin. 
Prentice-Hall, Inc., 1978. 

NATIONAL TRANSPORTATION POLICIES 
THROUGH THE YEAR 2000. National 
Transportation Policy Study Com- 
mission. U.S. Government Printing 
Office, 1979. 


THE MECHANIZATION 
OF OFFICE WORK 


A HIDDEN PRODUCTIVITY FACTOR. Vin- 
cent E. Giuliano in Telephony, Vol. 
199, No. 3, pages 30-36, 79; July 21, 
1980. 

ECONOMICS AND VALUES IN THE INFOR- 
MATION Society. V. E. Giuliano in 





Information Society: Changes, Chances, 
Challenges. 14th International TNO 
Conference. The Netherlands Orga- 
nization for Applied Scientific Re- 
search TNO, 1981. 

OFFICE AUTOMATION: A SURVEY OF 
TOOLS AND TECHNIQUES. David Bar- 
comb. Digital Press, 1981. 


THE MECHANIZATION 
OF WOMEN’S WORK 


THE FEMALE LABOR FORCE IN THE UNIT- 
ED STATES: FACTORS GOVERNING ITS 
GROWTH AND CHANGING COMPOSI- 
TION. Valerie Kincade Oppenheimer. 
University of California Press, 1970. 

THE “INDUSTRIAL REVOLUTION” IN THE 
HOME: HOUSEHOLD TECHNOLOGY AND 
SOCIAL CHANGE IN THE 20TH CENTU- 
RY. Ruth Schwartz Cowan in Technol- 
ogy and Culture, Vol. 17, No. 1, pages 
1-23; January, 1976. : 

WOMEN, WORK, AND FAMILY. Louise A. 
Tilly and Joan W. Scott. Holt, Rine- 
hart and Winston, 1978. 

WOMEN AT WORK: THE TRANSFORMA- 
TION OF WORK AND COMMUNITY IN 
LOWELL, MASSACHUSETTS, 1826-1860. 
Thomas Dublin. Columbia Universi- 
ty Press, 1979. 

THE ECONOMICS OF WOMEN AND WORK. 
Edited by Alice H. Amsden. Penguin 
Books, 1980. 


THE DISTRIBUTION 
OF WORK AND INCOME 


MACHINES AND MAN. Wassily Leontief 
in Scientific American, Vol. 187, No. 3, 
pages 150-160; September, 1952. 

LIFETIME ALLOCATION OF WORK AND IN- 
COME. Juanita Kreps. Duke Universi- 
ty Press, 1971. 

EXCHANGING EARNINGS FOR LEISURE: 
FINDINGS OF AN EXPLORATORY Na~- 
TIONAL SURVEY ON WORK TIME PREF- 
ERENCES. Fred Best. Employment and 
Training Administration, U.S. De- 
partment of Labor, U.S. Government 
Printing Office, 1979. 

MIKROELEKTRONIK: ANWENDUNGEN, 
VERBREITUNG UND AUSWIRKUNGEN 
AM BEISPIEL OSTERREICHS. Oster- 
reichisches Institut fiir Wirtschafts- 
forschung and Osterreichische Akade- 
mie der Wissenschaften, with a fore- 
word by Hertha Firnberg. Springer- 
Verlag, 1981. 


THE AMATEUR SCIENTIST 


SOUND. Arthur T. Jones. D. Van Nos- 
trand Company, Inc., 1937. 

THE SHEARING AND DILATATION OF DRY 
SAND AND “SINGING” MECHANISM. 
R. A. Bagnold in Proceedings of the 
Royal Society of London, Vol. A295, 
pages 219-232; 1966. 

CHLADNI’S LAW FOR VIBRATING PLATES. 
Thomas D. Rossing in American Jour- 
nal of Physics, Vol. 50, pages 271-274; 
1982. 


“Because of Lufthansa’s high 
maintenance standards their used 





planes are much sought-after items.” 


Wirtschaftswoche (Dusseldorf) 13.2.1981 





The Lufthansa fleet is probably the most up-to-date in the world. It is also maintained to the highest 
possible standards. As a result, we can deliver an on-time record that is second to none. 


©) Lufthansa 


German Airlines 
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oure an Incredible 





New Breed of lurbocar. 


ourre the fastest, 


10st fun-to-drive little car on the road. 


From a distance, the front air dam and air 
oop might give it away. But up close, the 
urbo” mark on the seatbacks and tailgate 
nfirm it. This Colt is born and bred for 

e road. 

But, make no mistake, the Mitsubishi Colt 
00 ‘Turbo is not just the award-winning 

alt with a turbocharger added on. It’s part of 
itsubishi’s brand new breed of turbocars, 
gh-performance, fuel-efficient road machines 
r the 80s. 

The Colt’s specially developed turbocharger 
not only the world’s smallest auto turbo, 

s also the first to be mounted between the 
rburettor and the engine. It extracts over 50 
‘rcent more power from every cc of the 


1410 cc four-cylinder engine and provides spirited, 
lag-free response across the entire rev range. 

Electronic ignition control ensures precise 
combustion, while heavy-duty running gear and 
the Colt’s famed FWD, Super Shift, steering and 
independent suspension geometries match _ 
the incredible power boost for sheer driving 
excitement. 

The Colt’s smart flush surface styling is also 
there. So too its amazing, award-winning fuel- 
economy figures. The 50 percent greater output 
is one more powerful reason for the Colt to 
continue winning accolades and awards. 

The incredible Colt, Mitsubishi’s fun-to-drive 
road machine that embodies Mitsubishi’s 
pioneering automotive philosophy for the 80s. 


‘TurboBred by Mitsubishi for the eighties. 





MITSUBISHI 


MITSUBISHI MOTORS CORPORATION Tokyo, JAPAN 





MITSUBISHI 
MOTORS 


ISTRIA Wolfgang Denzel Kraftfahrzeuge AG. Tel: 52-3561— BELGIUM N.V. Moorkens S.A. Tel: 031/57-78.00— DENMARK MMC Automobiler Danmark 
mgaard-Nielsen A/S) Tel: 01-47 11 00O— ENGLAND The Colt Car Co., Ltd. Tel: (0285) 61441— FINLAND Suomen Koneliike Helkama Oy Tel: 90-673 061— 
ANCESONAUTOS.A. Tel: (3)037.92.62— FEDERAL REPUBLIC OF GERMANY MMC Auto Deutschland GmbH Tel: 6147-2071— ITALY Bepi Koelliker 
yortazioni S.p.A Tel: 02-3003— THE NETHERLANDS Hart Nibbrig & Greeve B.V. Tel: 02522-19000— NORWAY Colt Motor A/S Tel: 02-22 55 00— 
TEDEN Scandinavian Motors Company SMC AB Tel: (46) 8-14.46.830— SWITZERLAND MMC Automobile AG (Switzerland) Tel: 052-23 57 31— GREECE 
on S.A. Tel: 3645.321— CYPRUS Fairway Motor Enterprises Ltd. Tel: 52975— MALTA Industrial Motors Ltd. Tel: 621205— ICELAND Hekla HF. Tel: 21240 
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‘Glenfiddich in Gaelic means 
"Valley of the Deer’ 













iis aa ean 
ores 


es 


—yroc edn ae 
ieee Family ©" 





ww = _ Success Story. 
Z | “2? & | : 
- : . There is no better way to celebrate-a large measure 
| , of success than with a small measure of Gleniiddic h 
pure malt scotch whisky. — 

Examine our label. You will find thati it tells its own 
story. The story of an independent family company that 
sets its own uncompromising staudards of success. 

You will note that we have been maturing and 
bottling Glenfiddich at the distillery under our own care 

~ andsupervision for four generations, 

Relax and reflect on the subtle, distinctive taste 
we have created. 

ge ‘ You will come around to thinking that our suc _ 
fy . _ \is best appreciated by those who can measure their ¢ 


a) — | Here is a success story ° i 
all - Ns » that you might like to share with Glenfiddich 
: m4) oD = afew selected friends. | Our label says it al 
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